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Westingfhouse 
Motors 

Alternate  or  Direct  Current. 

For     all     Industrial     Purposes. 

The  Economical  Method  of 
Machine    Tool    Operation. 


Westinghouse  A.C.  Motor 
Operating  122  in.  Lathe. 

The 


British    Westingfhouse 


Electric   &   Mf<;^.  Co.,   Ltd. 

Head  Offices  : 

London — Norfolk  Street,  Strand,  W.C. 

Branch  Offices : 

Manchester     5,  Cross  Street. 
Tir-'o-ow     65,   Renfield  Street. 
Newcastle-on  =  Tyne— Colli  njcwood 

Buildings,  Collin8:wood  Street. 
Cardiff— Phoenix  Buildings,  Mount  Stuart 

Square. 


Works:   Trafford   Park,   Manchester. 

For  AiisliMlia.  New  Zealand,  and  Ta-;niania,  communicate  with: 

Sydney     Noyes  Bros.,  109,  Pitt  Street. 
Melbourne     Noyes  Bros.,  15  &  17,  Queen  St. 
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Mining  Machinery 


|i  HARDY  PATENT  PICK  CO.,  LTD  , 

SHEFFIELD,  England. 


I  Lii.-pii.,i;c;  :    .\.i!:..i<:il    i_= 
do.         Local  157. 


HAND    &    POWER    BORING    MACHINES    FOR    ROCK    &    COAL.  I 

Picks,  Shovels,  Spades,  Forks,  Hoes,  Axes,  Hammers,  Wedges,  Crowbars, 

and   all   Mining,   Quarry,   C9ntractors,   and   Agricultural   Tools. 
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^     SPECIAL    TOUGH     DRILL    STEEL.    SHEAR.    CAST.   c!".    BLISTEK     S  I  I  KL.     SAW  S.    11 LES.  O  R  ASPS,    t 
^  IMPORTERS    OF     HICKORY     HANDLES.  "^ 
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BAT  TLESH I P 


THE  EQUIPMENT  OF  THE  BONANZA 
MINE.   JOHANNESBURG 

With  Nine  Illustrations.  The  first  of  a  ser  ts 
of  articles  in  which  the  author  will  deal  with 
some  of  the  most  important  i^old-niining 
plants  of  the  Hand.  In  each  case  pronnnence 
will  be  i;iven  to  ditierences  in  plant  rather 
than  to  well-known  features  which  are 
common  to  so  many  mines.  Attention  will 
be  especially  drawn  to  any  improvements  in 
detail  of  plant  or  practice  which  may  have 
been  worked  out  at  the  particular  mine 
under  consideration. 


Edgar  Smart 


Vol.   II. 


Frontispiece 
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THE  WORLD'S    NAVAL  CONSTRUC= 
TION  IN  1902 

With   IIiu-t!.itiiins. 


MILLING     MACHINES.  —VIII.      (Con= 
eluded) 

Tre.ils  of  Plauo-Miller>,  Kace-Milkrs  or 
Rotary  Planers,  andsome  special  types.  With 
Illustrations. 


ELECTRIC    POWER    AT  THE  KOLAR 
GOLDFIELD 


(\  paper  (lescribinfj  in  detail  the  larfiest  electric 
installation  in  the  world  for  minint;  purposes. 
With  Ori>;inal  Illustrations. 


NOTES  AND  NEWS 

Illustrated.  Submarines  on  Tii:il.— Hints  on 
Card  Systems. —  Improvements  at  Chatham 
Dockvard,  \c. 
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Joseph  Horner 


A.  Mervyn  Smith 
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']m&.BlMMm)(  Weiglling  Machines 


W  ^  T.  AVERY,  Ltd., 

.     .    SOHO    FOUNDRY,    .    . 

Birmingham,     ENGLAND. 


Contractors   for   the 

REPAIRS  AND  MAINTENANCE  OF  ALL  WEIGHING  APPARATUS. 


The  Largest  Makers  in  the  World  of  Weighbridges 

For      LCCOMOTIVES,      RAILWAY     TRUCKS,      CARTS      WAGONS      TROLLEYS 

WRITE      FOR      CATALOGUE. 


MUNICIPAL  SOCIALISM  AMD   MUNL 
CIPAL    TRADING 


THE       COOLG^RDIE        GOLDFIELDS 
WATER   SUPPLY 


Our  Australian  Correspondent  sels  fortli  souic 
of  the  most  important  facts  connected  with 
the  newly  completed  water  supply  at 
Coolj^ardie. 


THE     ENGINEERING     TRADE     AND 
THE    PREMIUM    SYSTEM 


WORKSHOP   PRACTICE 


A    Resume    of     ^lachiiie    Tools,     Cranes,    and 
Foundry  Matters  for  the  Month. 


THE  TRAINING  AND  EDUCATION 
OF  NAVAL  OFFICERS.  THE  NEW 
ADMIRALTY   SCHEME 

A.    The  Scheme.     B    Criticism   from   .i    Xaval 
EnginLtrs  point  of  view. 


LOCOMOTIVE        ENGINEERING 
NOTES 


Our  West  Australian 
Correspondent 


By  a  WorKs  Manager 
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P)EPKECIATION  OF  FACTORIES,  Mines, 

•*-^  and  Industrial  Undertakings,  and  their  Valuation.  With  Tables 
and  lC.\aniples. 

I!y  EWING  M.VI'HKSON,  M.Inst.C  K. 

The  Principles  which  should  guide  the  Writing  oil  for  wear  and 
te.ir,  Onsolete  plant  ;  Terminable  or  wasting  properties  ;  Effect  on 
Inconie-ta.\  :  Valuedelined  as  for  Compulsory  purchase  ;  Going  concern, 
or  dismantled  ;  Rateable  value,  rental  value. 

"A  successful  attempt  to  systematise  existinfj  inrormation  and  to  make  it 
possilile  to  arrive  .it  nnifuriiiity  and  accuracy  in  inakin-..;  up  t)al.uice  -hcets  for 
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THOS.    W.    WARD, 
ALBION    WORKS. 

SHEFFIELD. 


MACHINE     TOOLS. 


See  Page 
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Telejirams  — 
HATHORN,   LEEDS 


PLUNGER 
PUMPS. 


BUCKET 
LIFTS. 


SURFACE   ENGINE   WITH   SHAFT   PUMPS. 


PUMPING 
MACHINERY 

Specialities— 

DIFFERENTIAL    PUMPING    ENGINES. 
ROTATIVE   PUMPING   ENGINES. 

Horizontal  and  V^ertical. 
Compound    and    Triple. 


HYORHULie    PUMPS. 
UNDERGROUND    PUMPS. 
ELEeTRie    PUMPS. 
WATER     WORKS    PLANT. 

HATHORN,  OAVEY&  CO.. 

LIMITED, 

LEEDS, 

ENGLAND. 
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Belting. 

Klcmin.i^,  Birkby  cS;  Goodall,  Ltd.,  West  Grove,  Halii'.ix. 

Boilers. 

Cl.iytou.  Son  .S;  Co.,  Ltd.,  Leeds  Citv  Hoiler  Wo.'k?,  Leeds 
(jallouays,  Ltd..  .NLmchtstcr. 

Boilers  (Water-tubei. 

Balxock  *;  Wilcox,   Ltd..  Orie!   House,  F;iningdoa  Street,   London, 

Cochran  &  Co.  (.Vnnan),  Ltd.,  .Annan.  Scotland. 

H.  K.  Rowland  &  Co..  Ltd.,  Climax  Works,  Rtduish.  Manchester 

Stirlini^  Co.  ..f  U.S. .A..  53,  Deans-ale  .Arcade,  Manchester. 

Bolts,  Nuts,  Rivets,  etc. 

Hayliss  Jones  6c  Bayhss,  Ltd.,  Wolverhampton. 

K'lchard  Davics  &  Sons,  Uilberrv  Street.  >Linchestcr. 

Herbert  \V.  Periam,  Ltd.,  Kloodgate  Street  W..rks.  Birmingham. 

Books. 

Charles  Griffin  &  Co.,  Ltd.,  E.veter  Street.  Strand,  L  indcii,  W.C. 
L.  \-  I-.  X.  Spon,  125,  Strand,  London,  W.C. 

Boring  Machinery. 

John  (..  Tli.,ni,  Canal  W.irks.  I'atricroft.  Manchester. 

Brass  Engine  and  Boiler  Fittings. 

Hunt    \    .Mittou.  Crown    Brass    Works,   Oo/.ells   Street   North,    Bir- 
minj^ham. 

Bridges. 

Cleveland  Brid.ijc  and  Kngineerin^  Co.,  Ltd..  l)ariini;tnp,  Enj^land 
.Andrew  Handyside&  Co..  Ltd.,  Derby. 

Buildings. 

.A.  \  J.  .NLiiii    .V   Co..  Ltd..  Structural    En.uinecrs    Clydesdale   Iron 

works,  PosmI  I'ark,  Glasgow. 
I'ortable  Buildin.i;  Co.,  l,td..  Fleetwood.' 

Cables. 

M.  Helen's  Cable  Co.,  Ltd.,  Warrin.Uton,  Lancashire. 
Suddeutsche  Kabelwcrke  A.-G.,  >LinMlieini.  Geimany. 

Carborundum. 

I'>.li-liei>  Supply  Co.,  27,  Chancery  Lane,  London,  W.C. 

Clutches  iFriction). 

iJ.ivid  l!rid.i4e  &  C.J,  Castleton  Ironworks,  Rochdale,  Lancashire. 

Condensing  Plant. 

Wheeler   Condenser    and    Kn.s^ineerin.i;    Co..    170.    Hueen    Victoria 
Street,  L.jndon,  L.C. 

Conduits  (Steel). 

.Mniplc-v  Steel  Conduit  Co.,  Ltd.,  So,  Dij,'bcth,  Birmin.yliani. 

Consulting  Engineers. 

(..  11,  Hu.^hes.  .\..M.LM.K..  07, 'Jiiten  Victoria  street.  London,  E,C. 

Continental  Railway  Arrangements. 

Swiuh  Kastern  >\;  Ch.ithani  L'.iil.^.iy  e  ■ .. 
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Destructors. 
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Ejectors  (Pneumatic). 
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Fountain  Pens. 
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Forgings  (Drop). 
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Furnaces. 
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Gas  Producers. 
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Gear  Cutters. 
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Typewriters 


TYPEWRITER 


Exhibits    many   valuable    improve- 
ments   of    the    utmost    importance    to 
Typewriter  Owners  and  Operators. 

It  is  SWIFT,  SMOOTH,  and  QUIET  in  action, 

and  its  ingenious  mechanical  devices  are  VERY  CONVENIENT. 

Send    or  Illustrated  Booklet  which  gives  details. 

The  YOST  TYPEWRITER  Co.,  Ltd..  50,  Holborn  Viaduct,  London,  EC 


Save  £9  and  a  lot   of 


EMPIRE 


TYPEWRITER. 


worry,  and  buy  an        

The   Machine   With    ALL    the    Writing   in    Sight. 


Price 

£13    2s.   6(1, 

complete. 


Lontnictors  to  II. M     (iovirnmeat. 


NOT 

IV/  ANY    "lACMlM 
ll^lil:>Pl:Cri\l 

or  Pkici . 


T^^  Empire  Typewriter  Syndicate,  L*±: 

lbo.iD  Otiicc  :    77,    QUEEN   VICTORIA   STREET,   LONDON,   E.G. 


BIRMINGHAM    43,  Temple  Street. 
BRISTOL    9,  John  Street. 
HANLEY     Post  Otflce  Buildintcs. 
LIVERPOOL    7,  South  John  Street. 


Branches  or   Agencies  :— 

MANCHESTER- 49,  Corporation  Street. 
LKF.DS— 17.  East   Parade. 
BRADFORD    35,  Charles  Street. 
GLASGOW    87,  West   GeorRe  Street. 


NOTTINGHAM    48,    Parliament  Suuei. 
LEICESTER    34.  Charles  Street. 
DUBLIN    Wellington  Quay. 
And  throiiBhoiit  the  World. 


Buyers'    Directory— (Con^/ni/ecf). 


Hoisting  Machinery. 

NtV  CDiiveyinii  Miichiiitry. 

Indicators. 
T  S.  MLlniits  \  C"..  Ltd.,  41  &  42.  Clyde  Place.  GI:isi;ow. 

Injectors. 

\V.  H.  Willco.v  C<:  Co.,  Ltd..  23,  34,  vS:  36,  Soutlnvark  Street,  London. 

Iron  and  Steel. 

Hn.wii,  I'.ayk-v-  .Steel  Works,  Ltd..  SlielVield 

l-.iriiley  Iron  Co.,  Ltd.,  Leeds   Knul.md. 

I-ritd.  Krupp,  Grnsonwerk,  MaUdebma-Iiiickaii  tUruianv. 

Hadlields  Steel  Foundry  Co.,  Ltd.,  ^  liefticld 

j.  Frederick  Mellini^,  14,  Park  How,  Leeds,  Enuland 

I'.irkcr  Fcnuidrv  Co.,  Derbv. 

Waiter  Scotl,  Ltd.,  Leeds  Steel  Works,  Leeds.  Ln,i;land. 

Laundry  Machinery. 

W      -uinnieis.aks    ^:    .Sons,    Ltd.,    En.Uineers,    Pli<eni.\    F>.undrv, 

Keii^hlc  y,  hn.uland. 

Lifts. 

A'.iy-ond  I'i-Otis,  Ltd.,  Falmouth  Rnad.  Loudon.  S.K. 

Lubricants. 

IJluniann  &  Stern,  Lid.,  Plon.i;h  Bridge,  iJeptford,  London.  S.E. 
1  lie  Reliance  Lubricating  Oil  Co.,  k,  &  20.  Water  Lane,  Great  Tower 
Street,  Lond'jn,  E.C. 

Lubricators. 

Th.,ui..s..\.  Ashton,  Ltd.,  \,M-I..lk  Street,  ShctVield. 
Joseph  Kayc  tS:  .Sons,  Ltd..  H  unslet,  Leeds 
Tealc  ..N:  Co.,  liirininghani. 


Machine  Tools. 

(;t-..rge.\ddy  ^:  Co.,  Waver  ley  Works,  Shelikld. 
Uilli..ni.\s>|uith.  Highroad  Well  Works,  Halila.v   Enclind 
Lerlrani  s,  Ltd.,  St.  Kaiherine's  Works.  Scieunes  Fdildnireh 
Cunlnie  &Cr.M,ni,  Ltd..  Proughton  Irnnwurks.  >L-uiches:er 
Lritannia  En.!;ine  and  Tool  F.actorv,  Colchester.  b,ni;land 

Hi'SonS'^  ""'  ''"•'''  '''''•  '-""^^'^  '^'■="-^'  '-""^^'"=      Safes, 

Chas.  Churchill  .S:'  Co.,  Ltd  ,  o-is,  Leonard  Street,  London    K 
Jones  iV  Lan)s<jn  >Lacliine  Co.  E.\chani;e  Buildinys,  Pirmin 
Luke  &  Spencer.  Ltd..  Broadhe.ith.  Manchester.  ' 
Jos.,C.   Nicholson  Tool  Co.,  City   Ko.id  Tool  Woiks,   Newc 

Tyne. 
I.  P.irkiuson  &  Son.  Canal  Ironworks  Shipley  Yorkshire 
Rue  &  C.>.  (Leedsi.  Ltd.,  Leeds,  EiiL'land.      ' 
Uni.  Rvder,  Ltd.,  Polton.  Lanes 

Schischkar&  Co.,  Ltd..  f,^-(M).  Stallord  Street,  Piruiinghani. 
Sehg,  SMnneiith,.I&  Co.,  .S5,  Oueen  Victoria  Street  Loudon 
la>l,r  and    Ch.-.IU-n,    Ltd.,   Uerweiit    Konndrv.    Constituti 

Pirniingham. 
H.  W.  Warcut  Co.  Lionel  Street,  Piiniini;hani. 
J  .  \\  .  \\  ard,  Albion  Works,  Shcliield 


,.C. 
ill  .111. 


EC. 
in     Hi 


Ion   I-: 


West  Hydraulic  Ku-ineering  Co..  2!.' College  Hill.  Loudon 
t  harlcs  Wmn  &  Co.,  .St.  Thomas  Works.  Birmingham. 

Metals. 

-\:  i.is. Metal  AAlIoxs  Co.,  Ltd,  52.  Mueen  Victoria  strict   Lou' 
.M.ii;uolia  Auti  Fiiction  .Metal  Co.,  Ltd.,  oi"  (i.rat  Biitaiu   4 

victoii.i  Street.  London.  K.C 
Phosphor  Bronze  Co.,  Ltd.,  -Soutlnvark.  London,  S.E. 

Mining  Machinery. 

C  hcstcr.  Kdu.inl.  \-  Co.,  Ltd. 

Frasei  \  Ch.-.lmers,  Ltd.,  43.  Threadneedle  Street,  Lond<.u,  E  C 

Hardy  Patent  Pick  Co..  Ltd.   Shcliield. 

Humliolt  EngiiieeringCo..  Kalk,  Nr.  Cologne,  C.erinanv. 

Ernt'st  Scott  &    .Mountain,    Ltd..  Flectric.i'l  and  Gener.d    Em;ineer'. 

Newcastle-on-Tvne.  Kngland. 
Willley   Ore   Concentrator   Syndicate,    Ltd..    711,    Moorgate  Street, 

Office  Appliances. 

Library  Bure.iu,  Ltd..  10.  Bloomsbury  Street,  London   WC 
Library    Supply    Co,    Bridge    House,    i.Si,    Oueen    Victoria    Street 

London,  E.C. 
I.ylc  Co..  Ltd.,  Harrison  Street,  Grays  Inn  Koad.  London   W  C 
Partridge  .<•  Cooper-.  Ltd..  i.,i-io2  Heet  Street.  L.muIou.  EC 
Kockwell-W.-ib.ish  Co.   Ltd.,  («).  .Milton  Street,  London.  E.C. 

Oil  Filters. 

.1.  lUiin  0,1  Co.,  Ltd.,  Xorlolk  Street,  I.ondor,  W.C. 

Packing. 

Combmalion  Met.illic  P.ickingCo.,  Ltd..  Hillg.ite.  Gatr  shcad  <,n  'Ivne. 
iMictionless    Engine    Packing    Co.,     Ltd.,    lieiidhain     Vale    Works 

Harpurhey,  Mancliestei . 
Lancaster  eS:  Tonge.  Ltn.,  Pendleton,  Manclicter. 
United    Kingdom    Self-.Uijusling     Anti-Friction     Met.-.Uic    Packing 

Syndic-lie,  14.  Cook  Street,  Liverpool. 
United  States  Metallic  Packing  Co..  Ltd.,  Hradlord. 
J.  Bennett  von  der  Hevde,6,  Hi-oun  btnet,  .Manchester. 


Photo  Copying  Frames. 

J.  H.dUen  i:  Co.,  ,s,  Albert  Square.  Mjnichester. 

Presses  (Hydraulic). 

Edwin  >L11>  &  .--oi),  Hspley  Ironworks,   Hudderslield. 

Printing. 

bouthuood.  Smith  i*t  Co.,  Ltd.,  Plough  Court,  Fetter  Lane.  London 
E.C. 

Pulleys. 

IKii.y  Crowther.  Clecklu  aton,  Vo,  ks. 

Pumps  and  Pumping  Machinery. 

Ill  um  l-:iit;incermg  Co  .  2-.  Cnarles  Sticet,  Bnidford. 

J.  P.Hall  &  Sons.  Ltd..  En!;ineers.  Petci borough. 

Mathorn,  IJavey  i>i  Co..  Ltd.,  Leeds.  Kngland. 

Pnlsoineter  Kngineeriiig  Co.,  Ltd  ,  Nine  Kims  Ironworks,  Reading, 

Tangyts,  Ltd.,  Cornwa.l  Work-,  Biriiiiiigli,im. 

Rails. 

Win.  Firth,  Ltd.,  Leeds. 

Rail\^'^ay  Carriages. 

.Metropolitan  .Am.iiganiated  Riilwav  Carriage  i>v-  Wagon  Co.,  Ltd., 

OLlbury.  bii  niingh.-nn.  Engl.ind. 
W.  R.  Reus'haw  ^i  Co..  Ltd..  Piiceni.\  Works  Stoke-on-Trent. 
Tr.-msportalion  Development  Co.     Incorporated,  6.  Clcmenfs  ,Lane. 

Lombaid  Street.  London.  IvC. 

Riveted  Work. 

F  A.  Keep,  |u.\on  iS:  Co.,  Forward  Works,  Barn  Street,  Birmingham. 
Roller  Bearings. 

Aut.i  .Machinery  Co.,  Ltd.,  K'ead  Street,  Coventry. 

Roof  Glazing. 

Mcn..wes.'v:  Co.   Shcliield. 

Roofs. 

I).  Anderson  i^-  .Son,  Ltd.,  L,iyaii  Felt  Woik-.  Belfast. 


Clnihb  i*t  Son's  Lock  and  S.-ii'e  Co.,  Ltd.,  ]^2S.  OueeniVictoria  Street, 
London,  E.C, 

Stampings. 

Armstrong,  Stevens  &  Son,  WhUtall  Street,  Birmingham. 
Thos.  Smith's  Stamping  Works,  Ltd.,  Coventry. 
Thomas  Smith  6t  Son,  of  Saltley.  Ltd. 

Steam  Traps. 

Briti-,11  steam  >pccl.ililies.  Ltd..  Fleet  Street.  Leicester. 

Stokers. 

Meldnuii  j'.nilheis   Ltd.,  Atl.intic  Works.  Manchester. 
Tmimph  Mokci    Lt<l„  30.  Victoiia  Street,  London,  S.W. 

Time  Recorders. 

Howard  Brolheis   10.  SI,  Georges  Cresccul,  Liverpool, 
Interiiation.il    Time     K'ecording    Co,,     171,    Oueeii    \ictori:i    Street, 
London,  EC, 

Tubes. 

Thomas  Pii;gott  i<:  Co,,  Ltd.,  Spriii.^  Hill,  Birmingham. 

Tube--,  Ltd.,  Hii  iiimgham. 

Weldless  Steel  Tube  Co.,  Ltd.,  Kknield   Port  Koad,  Birmingham. 

Turbines. 

(,    dikes  \- Co.,  Ltd.,  Keiid.il. 

W   (iiiii'.lier  \  Sons.  Central  Woiks.  Oldham. 

S.  lloA-es  04,  M.irk  Lane.  London,  K.C. 

Typewriters. 

l-anpire  I'ypewriter  Co.,  77.  (Jueen  \ictoria  Street,  London,  E.C. 
Hammond  I'ypewriter  Co..  30,  Oueen  X'ictoria  Street,  London.  E.G. 
Peiiiingtin  'fvpewriter  Co.,  100.  Giacechuieh  Street,  E.C. 
Yost   Typcariter  Co.,  50,  Holbom  \'iaduct,  London.  E.C. 

Valves. 

Mo-s.-s  \-  MitclH-n,  70  \-  71,  Chiswell  Slree:,  London,  E.C. 
Scotch  and  Irish  O.-cygeii  Co.,  Ltd  ,  K..sehill  W.irks.tilasgow. 

Wagons     Steam. 

Th  orin.  roilMe.oii  Wagon  Co  .  Ltd.,  llomelield  Chisw-ick,  London.  W. 

Weighing  Apparatus. 

W.  I  .   \\eiy  iS:  Co  .  S  .ho  l'',umdry.  Birmingham.  England. 
S.imiiel    Deni-oii  \- Son,  H unslet  !\Ioor,  near  Leeds. 

Wells  Light. 

A.  C.  Well-.ii  Co..  ioo\,  Midl.ind  Koad,  SI.  Pancras,  London.  N'.W. 

Wood  Working  Machinery. 

Kussling's  .M.icliine  Lo.,  4(  ,  Rivington  Street.  London,  E.C. 
Kirchner  \  Co..  21-23,  Tabernacle  Street.  London,  E.C.' 


Machine  Tools 


CHARLES  CHURCHILL  &  CO.,  1° 

ENGINEERS    AND     IMPORTERS    OF 

AMERICAN      MACHINE 

LABOUR-  MWM^^^^K^M    «#«w«_ 

SAVING 


Lathe  Centre  Grinding. 


9-J'^m^        These    Grinders    are    Electrically  Driven,  and 
*  have  a  wide  range  of  worK  :  — 

CENTRE     GRINDING, 

REAMER,    and 

CUTTER     GRINDING. 
m      SURFACE     GRINDING, 

PARALLEL    GRINDING, 

INTERNAL     GRINDING. 


We    carry  Large    Stocks    at 
all   our   "Branches    o/  .     .     . 

LATHES,    SHAPERS, 

AUTOMATICS,   PLANERS, 

BORING    MILLS. 

RADIAL,    UPRIGHT,    and 

SENSITIVE    DRILLS. 

GAS    OVENS,   FORGES, 

HACK    SAWS,   &c.,    &c. 


Surlai-L-  (iriiiilcr  on  I'lancr. 


LONDON  :    9  to  15,  Leonard  St.,  E.G.      BIRMINGHAM  :    2  to  10,  Albert  St. 

MANCHESTER:  2,  Charlotte  St.,  Mosley  St.    GLASGOW:   52.  Bothwcll  St. 

NEWCASTLE=ON-TYNE  :    Albion   Buildings,   St.  James'   St. 


jfmMmi 


Machine  Tools 


H. W. WA R D & C°    '"' '™'" 


Telegrams  : 
TUDOR, 

BIRMINGHAM 


•  BIRMINGHAM. 
Machine  Tool  Makers. 


CoiUracroi»  to 
British  &  Foreign 
Governments, 
and  leading 
Engineering  Firms. 


IMPROVED    LINCOLN    TYPE    MILLING    MACHINE    FOR    HEAVY    DUTY. 

Sire  of  Table.  Over  all  .  .  .  g  f^et  0  in.  by  3  feet  0  in. 


Sire  of  Table,  WorKinB  Surface 

Traverse  of  Table        .... 

Maximum  Width  between   Head  and  Steady 

Minimuni  ,,  ,, 

Cross  Movement  of  Head  and    Steady    - 

Spindle  ■  ■  .  .  . 

Maximum  Heieht  of  Spindle  above  Table 


7  .,       0  „     by  2     „     4    ,, 

6  ,,       0  ,,     or  longer  to   order 

4  ,,       S  „ 

3  ..       4  „ 

6  in.  each. 

3;  ..  dia. 

24  „ 


re  make  Six  Sizes  of  these    Machines,  which  embody  all  the  latest    practice.     They  are    suitable   fon      ii 
kinds   ot    Electrical    and    General    Engineering   Work. 

FUILiL       F»ARTICUIL,ARS       ON       AF»F»LICATION^. 


lril^®MiiK]iif 


Machine  Tools 


*3i 


Jo ,  C.  NICHOLSON  TOOL  Go 


Write    for    our 

New  PocKet 

Catalogue. 


/ 


Engineers    and    Machine   Tool    MaKers, 

CITY  POAD  TOOL   WORKS. 


Telegrams  : 

"  MACHINERY." 


X-_'^-Jtl 


NEWCA8TLE-0N-TYNE 


A    LABOUR    SAVER 

f  o  r    the 

BLACKSMITH'S   SHOP. 


The    "Standard"    Hand   Power 

I  Welding  &  Forging 

m 

Machine. 


Two  men  can  weld  bars  and  shafts  on  this  niachine  up  to  3in. diameter,  and  three  men  up  to  6in.  diameter.  One  man 
on  the  lever  gives  a  pressure  on  the  bar  of  20  tons,  which  can  be  utilised  to  compress  collars  and  bosses  in  iron  bars. 


PATENT    PLANING 
MACHINE. 


One  of  the  greatest  di3.>d\.tuiagcs  in  connev'tion 
with  the  American  type  ol  Pl.ining  Machines 
hitherto  h.is  been  the  restricted  position  of  the 
belt  drive.  There  is  only  a  latitude  of  a  few 
inches  on  one  side,  the  Vertical  po-.ition.  This 
has  been  overcome  by  our  patented  attachment, 
which  enables  the  belt  to  drive  at  any  an(<le 
between  Vertical  and  Hurizontat  from  the 
countershaft  to  the  machine. 


CUNLIFFE  &  GROOM.  Ltd.. 

Broughton    Iron    WorKs. 
MANCHESTER. 


Sho>\rooni  : 

66.    Victoria    Street.    .MANCHESTER. 


KSTABLISHED  IH64. 


Machine  Tools 


Telegrams  i 

"  Asquith,    Engineer,   Haliljx." 

Lieber's  Code  used. 

Nat.  Tel. :    (i<)S. 


SPECIALITY. 


3ft  6  in.  RADIAL,  DRILL- 
ING, BORING  &TAPPING 
MACHINE. 

The  most  Improved 
Machine  on  the 
Market  for  executing 
High-class  Accurate 
Work    quickly. 


STEEL   GEARS 
Machine  Cut  throughout. 


The  Machine  is  manufactured 
in  large  quantities,  enabling 
me  to  offer  them  at  a  Price 
defying  competition    for 

a  High-Class    Tool. 


ALWAYS     IN     STOCK. 


\ 


WILLIAM    ASQUITH, 


COMBINED   HORIZONTAL  DRILL- 
ING,        BORING, 

MILLING  (S6 
FACE-PLATE 
TURNING 
MACHINE. 

Send   lor   Fort^cuhrs. 

ALWAYS  IN  STOCK. 

FIVE  First    Prize   Medals 
tor  Machine  Tools. 

Contv.TCtor   to    IGritisb 
aii&    jfoi-eiiiii    Oovcin= 

IllLMltS. 

I'.M  AllI  ISIIKI)    lS(i5. 

.  .  Agents  w:nted. 

Highroad     Well     WorKs, 
Halifax     (England)  .     .     . 


14 
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Machine  Tools 


Selig,  Sonnenthal  £?  Co., 


Sole   Licensees   <  f 


FOUR  SPINDLE  BOILER  FLUE  DRILLING  MACHINE 


tCoates'    Patenti 


ADVANTAGES. 


The      flanges      of     the 

flues  tobedrilled  ARE 

GRIPPED     in    THE 

CENTRE     instead    of 

by   the    bottom    flange 

as      in      the     ordinary 

machine. 

WHICH    ENSURES 

GREATER 

ACCURACY    IN 

DRILLING. 


II'"-     1.". .,.,.     -        '      »ra!llil         Ik  1J"";'"J  ,:!■>';"   .V.  T-  y*      '»     '^ 


ADVANTAGES. 


FOUR    HOLES    ARE 

DRILLED 

SIMULTANEOUSLY 

instead     of     two     only 

as      in      the      ordinary 

n^achine, 

THEREBY 

DOUBLING     THE 

CAPACITY. 


DOUBLE  ENDED  PUNCHING  AND  SHEARING  MACHINE  WITH  ANGLE  IRON  SHEAR. 


LARGE    STOCK    OF 
HIGH-CLASS 
MACHINE  TOOLS 


READY    FOR 

IMMEDIATE 

DELIVERY. 


VtUti, 

^" 

ua:o.>it^i-t.i:i 

V-ULLi,. 

-  c' 

^. 

y^         ■^r^ 

1?=^ 

85,  Queen  Victoria  Street, 
and   Lambeth   Hill, 


LONDON,  E.C 


Machine  Tools 


THIS 


LATHE 

is  for 

"  SLOGGING " 

or 

HIGH-SPEED 


it 

HAS 


ONE    OF    A    GOOD    LINE    OF    LATHES. 

N  E  ^V      CATALOGUE      NOW      READY 


POWERFDL 

DRIVE  AND 

FEEDS. 


J.  PARKINSON  &  SON,  Shipley,  yorks 


^     BERTRAMS    LIMITED 


London  Office : 

21,  Gt.  St.  HELEN'S,  E.G. 


ST     KATHERINE'S    WORKS, 

sciENNES,  EDINBURGH. 


Circular  Cuttfr  with  Punch  and 
Apparatus  for  Circles. 


Manufacturers   of   all   kinds   of 

MACHINE    TOOLS 

FOR    ENGINEERS,    SHIP    BUILDERS, 

BOILER    MAKERS,    &.c..    &c 


For  Gears,    Bevels,    Worm    Wheels,   Spirals,  --"^vSii^^i^^^fesj^^       fi» 

or  anything  in  the  gear  line,  write  to  '^ 


■^*ri.t  "^ 


THE  BUFFOLINE  NOISELESS  GEAR  Co., 

LEVENSHULME, 
WHO    ARE    THE    ENGLISH 


GEAR  SPECIALISTS. 


tr^v 


'•W' 


"v^ 


i6 


SEND    FOR    CATALOGUES 


HIGH-CLASS^  NEW    MACHINE    TOOLS 

IN    STOCK    FOR    IMMEDIATE    DELIVERY. 

Telegrams:     "AllLl.lNa,    SHEFFIELD."         for  tl)C   tatCSC   aild   mOSt  Up-tO-DatC 

National  Telephone  No.  :  985-  tZT  Ti^      /V     ^    T'^^T^ 

MACHINE 
TOOLS   =  = 

Also  Special   LiftinK  JacH  for  Electric 
WKITI-;  .  .  .  Tramcars. 

GEORGE  ADDY  6  Co.. 

WAVERLEY  WORKS.  SHEFFIELD. 


PLATE    BENDING    MACHINE. 


^-^m 


-E 


rf, 


r 


Patent  Bevelling  Machines 

FOR    SHIPS'    FRAMES. 

STEAM     HAMMERS 

lUl'    SMI  I  MS      SHOI   S    AM)    I  Ul- i  .1  S 

Forge    Cranes,     Hand     and     Steam 


\  ^K  ^J  W\Fi 
-^KnSSr^'^w     DAVIS   &  PRIMROSE 


•JLcitb  aromvoiKd.   EDINBURGH. 


.1  ,.„  thr.  .\I.Khinc.  •■  KVK.l  X-    ■.          A'  :«"'■  A  I!  C  CkIcs  usc.I. 
T(U-^;r.iins  :      I    1     <      '  '  


1/ 
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Hydraulic  Machine  Tools 


THE 


West  Hydraulic  Engineering  Co., 


Telegrams  : 
•' AcROSTiCAL,  London" 
"  AcRosTiCAL,  Bradford. ' 

Contractors 

to   the 

Governments 

of 

Great    Britain. 

India, 

Germany, 

France, 

Russia, 

Italy, 

Spain, 

Belgium, 

Switzerland, 

Japan. 


STABLISHED  1894 


JO  OLD 
ATTERNS 


i/^ 

■/"?;"""" 


23.   COLLEGE   HILL,    LONDON,    E.G. 

WorKs  :    BRADFORD,    YORKS. 

MaKers   of  .   . 


High  Grade  Hydraulic  Plant 
and  Machinery. 


The  Hydraulic  Presses  supplied  by 
the  West  Hydraulic  Engineering  Co. 
to  the  British  Government  since 
1895  have  a  total   working    power  of 


19,000  tons. 


QUICK=ACTING     HYDRAULIC     FORGING    PRESS 
100   Tons  on    Main    Ram.  75   Tons  on    Horizontal   Ram.  50  Tons  on  Stripping   Ram. 


flSiiinKi 


Machine  Tools 


RICE  <S  CO.  (Leeds),  Ltd., 


Three-Ton  Hydraulic  Ciane. 


LEED3, 

ENGLAND. 

HYDRAULIC 


Riveters, 

Lifts, 

Presses, 

Pumps, 

Cranes, 

Accumulators 

Punclies, 

Intensifiers, 

Siiears, 

Valves, 

Hoists, 

&c..  &c. 

ABC  Code,  4th  Edition,  used. 

Telegraphic  Address;   "Press,    Leeds. 

Telephone  Xo.  :  ?i(<2. 


J^Ttisuiortb       Cbe  Reliance  Eubricating  Oil  €0. 

"•P    „.,,^    jTlUil^  Manufacture  ,-m.l  Supply  the  Ik-t  and  Cliea,,e.t 

'it>  ^^""^  *^""^  HIGH-CLASS     NON-CORROSIVE 

<tt)  to  Buy  LUBRICATING     OILS 

'^  Direct  I      ^^^     SOLIDIFIED     LUBRICANTS. 

^  I  Castor,  I.ard,  OHv..-.  Neatsfoot,  and  Linseed  ( )ils.  Tallow,  &c. 


Che  Keliance  Cubricating  Oil  Co.,  ^ 

19  &  20,  Water   Lane,  Great  Tower  Street,  T^ 

LONDON,    E.G.  </§i 

Also   99,  Great   Clyde   Street,  Glasgrow;    and  ^ 

1,  Sandhill,  Ncwcastle-on-Tync.  ^ 

Telegrams:   "  SuliASTRAL,  LoNDoX.  '  T^ 

Telephone  No.:   AVENUE  5891.  ABC  Code  Used.  (M, 


TAYLOR 


AND 


CHALLEN 


engineers 


♦  LTD., 

$i  machinists, 


DERWENT  FOUNDRY 
CONSTITUTION   HILL 
BIRMINGHAM. 


AMONG   OUR   SPECIALITIES   ARE 

Power  Presses,  Cools, 
Shears,  and  Cathes. 

For  Sheet  Metal  Drawing,  Stamp- 
infj,  and  Spinniii)4,  \e. 
See  accompanying    illustration    of 
our  Doiililc  Cr;inli   Forninj;   Pros 
ft)r  Clippini;  Drop  l-orj^in^s. 

Press  Cools. 

l-or  the  production  ot  Electric 
Li^;ht  i-ittin^s,  Cycle.  Motor 
l)\n:ini<>,  and  Telephone  parts. 


machinery. 


♦ 


For  the  production  of  Coins,  Solid 
Drawn  Cartridjje  Cases  for 
Small  Arms  and  Quick  Firinj; 
Otms,  Smokeless  Powder,  and  Gun 
Cotton,  Ac. 
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||^S5|fci™3 


Machine  Tools 


Wood  Working 


Complete  Catalog^ue,  containing 
over  200  illustrations,  sent  .  . 
free  on  application 


Machinery, 


DL    HEAVY    PLANING    and    THICKNESSING    MACHINE. 

Kiessling's  Machine  Co., 

46,  RIVINQTON  STREET,  OLO  STREET,  LoNDON,  E.C. 


pSiS^HSS 


ii 


Machine  Tools 


Fosdick  Radial  Drills 


3-ft.,  4-ft.  &  5-ft. 

RADIUS.         5^Tf  i^ 


In  Stock  for 

Immediate 

Delivery, 


IMassive    Base  and    Column. 

Arm    raised  and  lowered  by   power,   carried 

on    ball   thrust    bearings. 
Head   moved  on    arm    by   rack   and    pinion. 
Gearing  located  in   head. 


Tapping  Attachment  reverse  located  on 
spindel. 

Spindles  of  best  forged  Steel,  counter- 
balanced, and  provided  with  quick  return. 

Three  changes  of  feed   by   hand   or  power. 


C.  W.  BURTON  GRIFFITHS  &  Co., 

I,    2  &  3,   Ludgate   Square,   Ludgatc  Hill,  London,    EX- 


And   at    59,    FINNIESTON    STREET,    GLASGOW, 


jxike  &"  Spencer,  ua 

BROADHEATH, 

MANCHESTER. 


sgraphic  Address  : 

"Emery,  Altrincham.' 

ional  Telephone  : 
"Altrincham  49." 


Manufacturers  of 


GRINDING  , 

and 

POLISHING 

MACHINES. 
EMERY.     .     . 
WHEELS.     . 

Etc 

Send  for  our 
Enlarged 
Catalogue, 
free    on 
Application. 


SCHISCHKAK  &  COIVIPANY,  Ltd., 

Sole  I.uT,)pean  A.ucnts  u,v  the  ACME  AUTOMATIC  SCREW  MACHINE. 

Output  tliree  to  lour  tinu-s  th;it  of  any  Sinj^le  Spindle  Macliinc. 

Greater  Accuiacy,  Better  Kinish. 

IMPROVED     DISC     GRINDERS, 

UNIVERSAL    CUTTER     GRINDERS      &c..    &c  , 

THE     MILWAUKEE    MILLING     MACHINE. 

Write  for  Catalo.Uue  and  Prices  t" 
65     to     69,     STAFFORD     STREET,     BIRMINGHAM. 


Jawing  €s  Woodworking  Machinery. 


infractors  to  most 
avcrnmcnts,  many 
ulway  Companies, 
allieries,  Shipyards, 
3ckyards,   &c.,   &c. 


Jver  1,000 
rkmen     em- 
ployed in 

this 
epartment. 


,—~f'%y 


J^ 


alogues  and 
Prices 
Application. 


Over  70,000 

Sawing    <&     Wood= 

worKing  Machines 

supplied. 

"GRAND   PRIX,'" 
Paris,    1900. 


Over    70   Gold 

Medals 

and  other 

HiRhest 

Distinctions. 


HI'A    I.AKCiK    I'ATKNT    HoKIZONTAL    CAXD    Mil. I.. 


f'O^XJ'X.TlT'O       CL3      f^  f\  Chief  Office  and  Showrooms:  ¥  J  ¥7'    ^^ 

lIVV/OINILrK     CT     L/U.,    21=25.    TABERNACLE    ST.,    LrOIVdOI\,     fLr.L/. 


Machine  Tools 


^^^ib\ii\ti\^\t^,\ii\if\ii\t^\is\U\U\M^\Mj>ii\Mj\tf\Mi\ij\ij\^\^\lf\Oit\tA^^  U_ ., 


WINN'S 
SCREWINC  MACHINES 


FOR  TUBES  AND  BENDS.  ALL  SIZES  MADE. 

Also    otKei*    Types    for    ^olts    sLndL    l»Ivits. 


Charles  WiNN&Co. 

BIRMINGHAM. 


ST.    THOMAS    WORKS, 


lyj(lp^<J^'4^|J^lJ^'^«'f '^»<^<|^'^» ')(<'<> '<>'4«'^>1)< '4<V'r '<>'<>  "r '»<'»< '<!<'.(> '<><(< '^^<I<^<'^T>'^'^T>'^'^'»>'^'^'^ 
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Machine   Tools,  &c. 


WILLIAM  RYDER,  Ltd.,  BOLTON. 


FORGING 
MACHINES 

CAPSTAN    LATHES 

AND    OTHER    TOOLS. 


%    SAWING  MACHINES. 


GOVERNMENT 
ORDERS  NOW  IN 
PROGRESS. 


'*  THE  BOLTON  BLACKSMITH." 


LOBMTZ'  GOLD   DRbUQKRS  ARE 

AT  WORK   IN  EJRITISH   NORTH 

AND  SOUTH  AMERICA,   AFRICA, 

A5IA,  &c. 


o.   CO  ,  UWHTED 

GOLD    O^Sr 


KWldavrt  M'-^- 


1,.  tci  u;!'!'^^'- 


Soo-n:i22; 


,  LcUcrs : 


&  co^i3i 


Telejrraphic  Address: 
l-OHMTZ.    RENFREW.     A i  Code  used. 


EDWARD  CHESTER  &  Co.,  Ltd. 

Manufacturers  of  all  Classes  of 

MINING  MACHINERY 

Branches:    Johannesburg,  Bulawayo,  Barberton,  Port    Elizabeth  in 

South   Africa,  and   Kalgoorlie,  Australia. 

AA/orks:    RENFREW,    Scotland. 

HEAD    OFFICE:     120,     Bishopsgate    Street    Within,    London,    E.C. 
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^^lis; 


Mining 


ERNEST  SCOTT  &  MOUNTAIN.  L 


TD. 


Branch  OfTices. 
LOXDON:    20.    New   Bridge  St.. 

Blackf'riars. 
GLASGOW:  93.  Hope  Street. 
CARDIFF:  8.  Working  Street. 
Sheffield,  Birmingham,  Calcutta, 
Bombay.  Shanghai,    Singapore, 

Johannesburg. 


STEAM 
DYNAMOS. 


MOTORS, 


'  Scott  and  Mountain"  Protected  Type  Motor      Operating  Scull  BrcaUini;  Winch. 


Boosters. 
Mining   Pumps 

AND 

Haulage   Gears. 
Coal   Cutters. 

NEW     LISTS     NOW     READY. 


'  Scott  and  Mountain  "  Alinlnn  Pump.     3(H1  jjalls   per  niin.  ; 
1,500  ft.  head. 


ELECTRICAL  AND  GENERAL  ENGINEERS, 


NE\A/CASTL.E-ON-TYNE, 
ENGLAND. 


Bimmim 


sisr^ 


Mining  Macliinery 
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JlilAmMmYi      Mining  Machinery 


Blast    Furnace 


GAS 


TWO  CYCLE  CAS  ENCINES, 
RIEDLER  BLOWING  ENCINES, 
RIEDLER   AIR  COMPRESSORS, 
RIEDLER  ELECTRIC  PUMPS, 
RIEDLER  EXPRESS  PUIVIPS, 
RIEDLER  STEAM  PUIVIPS, 
CORLISS  CORNISH  PUMPS, 
RAND  COMPRESSORS, 
WINDING  ENCINES, 
CORLISS  ENCINES, 
BOILER  PLANTS, 
ROASTING,  SMELTING,  and 

REFINING  MACHINERY, 
COMPLETE  STAMP  MILLS, 
CRUSHERS   and   PULVERIZERS, 
CONCEf^TRATION  MACHINERY, 
PROSPECTING  OUTFITS, 
CYANIDE  PLANTS, 
ELMORE    OIL  CONCENTRATION 
PLANTS, 
CONDENSING  PLANTS, 
BOILER  FEED  PUIV|PS. 
RAND  ROCK  DRILLS, 
ROBINS  BELT  COf^VEYORS, 
PELTON  WATER  WHEELS. 


ENGINES 


(KORTING'S    PATENT). 


500    H.P.    Koi'ting    Blast    Furnace    Gas    Eng-ine,    with 
Blowingr   Cylinder. 


Any    of   the    above    Catalogues 
on  Application. 


Gas  Engines  from  400  to  3,000  B.H.P. 


FRASER  &  CHALMERS,  L 

Eni^ineerin^r  and  Minima  Machinery, 
OFFICES:    43^    THREADNEEDLE    STREET,    LONDON,    E.G. 

Works  :  ERITH,     KENT. 


TD. 


MMm\ 


Aeria!  Ropeways 


BmMm 


Aerial  Ropeways 


H'li^tinj;  and  CiJiivcvini;  I'laiil.  erected  tortile  Norddculsche  KdIiIcii  .S;  Coak^werke  a.^,  Haiui'ui.:;. 
These  Three  Cranes  unload  1,500  Tons  Carj^oes  in  Ten  Hours. 

SHIPBUILDING    and    YARD    CRANES. 

Cable  Hoist  Conveyors.        Blast  Furnace  Hoists. 

THREE-MOTOR    ELECTRIC    TRAVELLING    CRANES. 
^      ^      ^      Improved    Band    Friction    Hoisting    Machinery. 

I'lantsalso  dt-M^^ncd  in  connection  witii  liLEICHERT'S  WIRK-K'Ol'K  Ti>;A.M\\  AV^, 
as  per  advertisement  of  the  preceding  and  followini,'  nunibcr. 


AN    EXPERIENCE    OF   30   YEARS. 


■tfxcpicscntativt: 


Proposals  Cheerfully  hurnished. 


J.  SCOTT-ANDERSOM.  S:^:cS;:: 

.     .     SHII  F-1I:LI),   Roval   Insurance  Uuildinirs. 
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Conveying  Machinery 


GRAHAM, 


AVorks 


LEEDS, 


Eng. 


MORTON 


&.    CO.,    LTD. 


I^^/J A'4A»  ^<^^  ^^^  "''^^  ' 


Photograph  of  a  complete  Storage  Plant  erected  by  us. 


Makers  cf    . 


CONVEYING    AND    ELEVATING    PLANTS, 

SCREENING    AND    CRUSHING    PLANTS, 

MINING    AND    COLLIERY    PLANTS. 


P.O.     ^ox     3393     •Jotia.nnesbui?^. 


BmMm 


Wells  Light 


«  •  «  * 


Hi 
0 
0 
0 
0 
0 

0 


THE      << 


*!!» 


mclls  Dsbt" 

'  r/liiW'0/?A'  *   WELLS-   PATIENTS  I. 


POWERFUL     PORTABLE     LIGHT     FROM     OIL 

Up  to  5.000  Candle  Power. 

For  ENGINEERS.  CONTRACTORS.  SHIPYARDS.   RAILWAYS.  COLLIERIES, 
QUARRIES.    MINES.     HARBOURS.     DOCKS,     etc. 

OVER      15,000      SOLD. 

Supplied  to  500  British  and  Foreign  Railways. 

Adopted  by  26  Governments  and  all  leading  Firms. 

Exclusively  used  by  the  Great  Military  and  Naval  Powers. 


No.  o.     Lamp.     500  Candle-power.     Small  Hand  pattern  ..  £7 

„     1.         Do.       500  or  1.500  Candle-power.     Hand  pattern        ..  ..         ....         ..      £10 

„     2.     1,500  or  2,500  Candles.     Useful  and  Portable  pattern     . .  . . 

„     3.     2,500  or  3,500  Candles.     Manchester  Ship  Canal  pattern 

.,    4-    3.500  or  5.000  Candles.    .A  most  powerful  Lamp  ..  ..         ..         ..  .      £17     15s. 

Burns  either  heavy  Wells'  Oil  or  Petroleum,   but  the  former  is  very  cheap  and  gi\es  about 
•HO  per  cent,  more  light  than  petroleum. 


Kettle  Torch  Lamps. 

The  Miner's    Favourite. 

Thousands  Sold 

Used  exclusively  by  De  Beers, 

Kandt  Mines,  &c. 

Also  largely  used  by  Con-   ,-yj, 

tractors.  Corporations. 

Collieries,  ^:c. 

Large  Flaming  Light 

No.    18,  3   Pints,    i^   in 

Wick,  4s.  6d.  each. 
No.   28,  same   shape    ai 
above,  but  having  two  Wicks, 
6  Pints,  9s.  each, 

A  Splendid 

Lamp,      lilted 

with  2  in.  Wick. 

5  Pints  capacity 

9s.  each.  Suil- 

able  for  Sewer- 

ge  and   Drainage    Work 

bleam  Trawlei  s.  &c. 


WELLS'  OIL  CAS 
GENERATING    LAMPS. 

Light  from   Kerosene  or  Petroleum 

without  Wick,  Smoke,  or  Smell 
at  less  thnn    One    Pennv  per   hour. 

Perhxt  Safely. 

Xo  Explosive  Xapllia 

used. 

Thousamls  sold. 

Uiuilfected  by    Wind. 

liACll 

No.  :2,  3liours       ..  11,9 

No.  i-.-A,  with  Tiipod  13/9 

No.  13,  5  hours       ..  14,- 

No.  J3A,  with  Ttipod  17;- 

No.  14.  7  hours      . .  16/- 

No.  14A,  with  Tiipod  19/- 


K.\tra  Burners 
for  above, 
2s.  each. 


\    NO    OUTSIDE     POWER     REQUIRED. 

LIME,    WHITING,  OR    COLD  WATER    PAINTS, 

Applied  at  a   speed   of  from   8    to    10   square   yards 
per  minute.   In  a  manner  superior   to  brush    work. 

One  coat  with  the  .Machine  on  rough    surfaces  is  equal  to  two  applied  with  brushes. 


0 

0 
0 

0 
0 

0 

0 
0 
0 

0\ 
0 
0 

0 


Will   save   First   Cost   in   a   Few   Weeks. 


M  I  Price,    with    5   ft.    Spraying   Pole,  and   20    ft.   Spcci.il        j ■ -,  t  r\ 

no.     I.  Aimoured   Hose,  *-0  I  U>>. 

lyi  ^         Price,  with  Wheels,  5  ft.  Spraying  Pole,  and  20  ft.       r  1  r\  \  r\ 

no.    ^.  SpecialArnKnued  Hose,  *,  I  U  I  VJi». 

Same  capacity  as  No.  1  Machine. 


A.    C.   WELLS    6    Co., 
100a,    Midland    Road,    St.     Pancras, 

WorKs  :  Chcotham,  .Manchester.  LONDON.   N.W. 


r;*;*;*;*:*:c^fr*^^*r^!r^:^ 
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Iron  and  Steel,  &c. 


TD. 


Brown  Bayley  s  Steel  Works,  L 

5HErriELD. 


\  "BAYLEY.  SHEFFIELD.' 
Telegraphic  Addresses    ^  ..  g^LI.  LONDON." 


Manufacturers  of  Steel  by  the  •SIEMEN-S"  and  "BESSEMER"  Processes. 

MAKERS  01-     .     . 

Tyres,  Axles,  and  Sprinjcs  for 
Railway  Locomotives,  Railway 
Carriaires  and  \Va:.rons,  and  for 
Tramway  llngines  and  Cars. 

STEEL  FORGINQS. 


Special  Guaranteed  Spring  5teel  for 
Railway  Locomotive  Springs,  Railway 
Carriage  and  Wagon  Springs,  and  for 
Lorry,  Dray,  and  Cart  Springs. 

I'lanishcd  Steel  Bars  for  Shafting  for  Engineers, 
and  .\,micultural  Implement  Makers. 


5 


SPECIAL    STEEL    BLOOMS    AND    SLABS. 

y      London  Office:   Suffolk  House,  Lawrence  Pountney  Hill,  E.G. 


)FOR 

ENGINEERS  &TOOL  MAKERS 

TD  MACHINE    CLEAN  &  BRIGHT 


ALL    OVER. 


Packer  Foun  DRYro,DEi^BY 


OK   AOMmAtTY     LIST 


RAILS 


^^    POINTS  AMD  CROSSINGS. 


HxVi'WJWW/r. 


FRIED.   KRUPP 
GRUSONWERK 

Magdcburg-Buckau  (Germany). 


COWRLETK 
AWCHINHRY 

for 


Cement 
Works. 


Grinding   and    Mixing    Plant    .     . 
for  Calcium  Carbide   Factories. 


(.nal  linti.m  .lud  lix-l.iiul  :  — 


W.  8TAMM, 


25,  College  Hill, 
Cannon  St.,  London,  E.C. 
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Iron  and  Steel 


DROP-FORCED  WROUGHT  STEEL  SPANNERS. 

S^    "v       To  suit  3-16lhs  (0  3-in.  Nut 


SOLID   "^^-i    DYNAMO 

DROP    ^^       EYE 

FORCED.  ^==    BOLTS. 


n 


0 


Armstrong,  Stevens  &  Son, 

WHIHALL   STRnin. 

Birmingham. 


^ 


a:  i 


\^w 


"^  x^ 


Price  Lists  on  application. 


/2*L  C 


t 


^ 


DROP    FORGINGS 


For  Shipbuilders, 
Engineers, 

and 

Electrical 

Purposes,   &c. 


0 


0 


X 


M 


a       <MP 


SPECIALLY    ADAPTEI 
FOR  LARGE    WORK. 


^»/ 


■■'■■■  C,,„(liilEii^I^ 


ON 

ADMIRALTY 

LIST. 


Established    1848. 
Incorporated  1880. 


THOMAS  SMITH  &  SONS,  of  saltlby.  um,teo. 

WILLIAM  SMITH,  Managing  Director.  Salticy     Mill,      BIFMVUNGM A1M[. 


Iron  and  Steel 


^crankshafts  and  Korgings 

(ON    ADMIRALTY,    WAR    OFFICE,    <&c.,    LISTS.) 


WliiiiiliMiMiifili 
JENT  CRANKS  (Square  or  Round)  FOR  MARINE  AND  OTHER  PURPOSES. 


«i^~Af 


WOODHOUSE    AND    RlXSON, 


SHEFFIELO. 


Drop 
Forgings. 


You    should    use  them    instead 
of  castings   if   you    want 
Strength,   Lightness  and  Finish. 
Inquiries    solicited. 


SMITH'S    STAMPING 
WORKS,  Ltd ,  Coventry. 


The   Engineering  and   Shipbuilding  Stampers. 


J 
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Iron  and  Steel 


F.  A.  KEEP,  JUXON  &  Co., 


Manufacturers  of    Rl  VETTED       WORK      d' 

TANKS    for   TRANSPORT    SERVICE. 


f  all     .     . 
escriptions. 


MISCELLANEOUS 
IRON-PLATE    and 
CONSTRUCTIONAL 
IRONWORK. 

Railway    Carriage    TanKs 

a    Speciality. 

PERFORATED    SCREENS. 
DAM     PLATES  and  other 
COLLIERY    IRONWORK. 


Forward    Works, 

BARN     STREET, 

BIRMINGHAM. 


Nntlonal  Tel(>plioiii>  :    i:?' 
ToIiVraniK:   ■■  Strucluri».  lUrmliDjlmii 


Iron  and  Steel 


Farnley  Iron 


ROLLING     BARS 


Farnley  Bar  Iron  is  used  in 
Mining  for  pit  cages,  suspending- 
gcii-,  and  other  im|jortant  parts, 
and  on  all  the  leading  Railways 
in  (ireat  Britain,  India,  and  the 
(_"olonies,  for  shackles  and  other 
\ital  parts  subjected  t()  repeated 
shocks. 

Farnle\-  Iron  will  stretch  cold 
from  l;s  in.  to  2^  in.  in  a  length 
of  6  in.    before    h^acture,    and    is 

safest  for  welding.       E 


Address:  The  Farnley  Iron  Co.,  Ltd.,  Leeds,  England. 


ON    ADMIRALTY    LIST. 


Telegrams:    "CRANKS.    LINCOLN. 


FOR    eRHNKS 
&   FORCINGS 
OF    EVERY 
DESeRIPTION 
WRITE   TO 


CLARKE'S 
eRANK    & 
FORGE    eO., 
LTD.,  LINCOLN, 
ENGLAND. 


^ISBSm 


Iron  and  Steel,  &c. 


WALTER    SCOTT,    Ltd., 


t  the  steel  work- 
we  supplied  the 


-Karachi  Pier.  India  .Photographed  upside  do^vn;.    The  extension  ot  the  Pier, for 
whole  of  the  iron  and  steel  work,  was  -2.04^  feet  in  length,  the  weight  of  the 

material  approximately  being  -J.UOO  tons. 


LEEDS      STEEL  rulcurams: 

'•  Bl'LSSE.MER, 

WOKST   .    .    .         i-'^'^"'^-" 
LEEDS,  ENGLAND. 


Manufacturers  of    .    . 

Rolled  Steel 
Joists, 
Channels,  etc. 

Mild  Steel  Blooms,  Billets, 
Slabs,  Tinbars,  Rounds, 
and  Flats, 

Speciality:  Tramrails. 


Books  of  Sections  and  other  information 
on  application. 


RICHARD    DAVIES    &    SONS 


VICTORIA 

BOLT  AND  NUT 

WORKS, 


BILBERRY 

ST., 

MANCHESTER. 


Manufacturers  of  BOLTS,  NUTS,  WASHERS,  RIVETS.  TIE-RODS  IN   IRON   OR  STEEL.    Also   BEST   BRIGHT  FINISHED  NUTS. 
SET   SCREWS     WASHERS,   &c.,   FOR   ENGINEERS   .^ND   MACHINISTS.     Telegrams:  "HEXAGON,  Manchester." 


EDWIN  MILLS  &  SON, 

ii'd-isio-        asplcr  3roii  lUoihtv  HUDDERSFIELD. 


HYDRAULIC 
HYDRAULIC 


PRESSES    for    all    purposes. 
PRESS    PUMPS      ^      a 


HYDRAULIC    HOISTS     and    LH-TS. 
5CKK\V    PRESShS    of  all    description.s. 

TexllJB  StufI  and  Finishing  Presses.  H.iy  and  Straw  Presses. 

Oil  Presses  Fibre  Presses.  ^  Steam,  Hand,  and  Belt  Driven 

Cotton  and  Wool  Presses.  '  High  Pressure  Pumps. 

Press  and  Pump  Leathers  of  Best  Manufacture  always  on  Hand. 

fclctlioiie  So.  :  -'.i/.  Teleirams:  "  OMO.  HUDDEKSHELUr 

A  U  C  Cede,  4th  and  slli  editions. 
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Roofs,  &c. 


More  durable  than  iron.  Cheapest  for  all  spans  up  to  100  Feel. 


D. 

ANDERSON    6   SON,    Ltd., 

LAGAN     FELT    WORKS.     BELFAST,    and 
FINSBURY     PAVEMENT     HOUSE,     LONDON, 

E.G. 

^  Portable  Building  Co.,  Ltd. 


Finsbury  Pavement  House, 

LONDON. 

Buildings 

for  Home 

and 


FLEETWOOD. 


iutA-VW  n\     vivff 


Manchester    Chambers, 

MANCHESTER. 

Portable, 
Artistic,  and 
Comfortable 

Dwellings. 


Tr>  A       nilitary  Quarterns,  Residences, 

^         '  ISungaloWvS,  ^  Motel  ftuiklings. 

SPECIAL    DESIGNS    FOR   ALL    CLIMATES. 

Buildings  Packed  &  Marked  in  Sections 
for  Easy  Transport  &  Erection. 

DELIVERED     F.O.B.    LIVERPOOL,    LONDON,    or    SOUTHAMPTON. 
Estimates,    Designs   &   Catalogues   Free. 


-J 


P-ir:aiinr?]a 


^outh  African  Address  : 

P.O.     BOX     175:  JOHANNESBURG. 


London 


^  :^ri;:^^i<^::7:z?^..v^:£^,...tf <i  :i/iViu;.:i >•■.-■' 


THE  CLEVELAND  BRIDGE  &  ENGINEERING  CO.,  m 

Darlington,    England. 
Bridge   Builders   and   Contractors. 


Laytown   Uricific,   on    the   Grt.ii,   Noiiii  oi    licLiiid   Railway,     'riicst   'l\\tl\c   CjlaiUtii   utic   ..ui;..   L> 


SPECIALISTS    IN    DEEP    WATER    FOUNDATIONS 

Contractors    for    the     New     HIGH      LEVEL     BridRC    over    the    Tync    ixt     Newcastle  about   halt    a    mile  long, 

carryiriK    four    railroads    for  the    N.E.R.    Co. 


^MMl 


?isr 


Tubes 


[ANUFACTURERS     OF 

^eldless  Steel 


=  FOR 


Super-heaters 


SPECIALITY. 

tractors  to  the  War  Office 
Admiralty. 

Tubes  Limited, 

BIRMINGHAM. 

Nat.  Telephone  No.:  2582.    Telegrams:  "  Cylinders,  Birmingham." 
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THOiVlAS  PiQQOTT  &  Co.,  Ltd., 


ATLAS    WORKS, 

SPRING    HILL, 
BIRMINGHAM. 


GAS,  HYDRAULIC  and 
GENERAL  ENGINEERS. 

^    ^    -H 

Gas  Plants  and  Construc- 
tional Ironwork  of  all 
descriptions. 

Columns  Girders.  Castings. 

Welded  and  Ri  vetted  Steel 
Pipes. 

Stamped  and  Steel  Angle 
Flanges. 

Steel  Chimneys  of  all  sizes 
and  designs. 

Tanks  in  Steel  or  Cast  Iron 
for  Petroleum  &  Water. 

Pans  for  Sugar.  Cassada, 
&c.,  for  all  Markets. 

41     ■*     4 

L.^::ilcn   Office: 

14,  Ct.St.THOMAS  APOSTLE 

TcUil>ams  : 
•  .\tlas,  Birmingham." 
■  Intersection,  London." 

ABC  and  Ai  Codes  used. 


Steel  Lattice  Girder  Bridge,  in  one  span  of  115  feet  10  inclies,  12  feet  deep,  and  13  feet  wide,  erected 

over  the  River  Teme'at  I.ullow,  and  carrying  Welded  Steel  Main  3  feet  6  inches  diameter, 

for  the  Birminirhani  Welsh  Water  Scheme. 


THE  WELDLESS  STEEL  TUBE  Co., 

LIMITED. 

ICKNIELD    PORT    ROAD,    BIRMINGHAM. 

(Weldless.j 
Trade  Mark. 


The  Original  MaKers  of 

PATENT    WELDLESS    STEEL    TUBES 


ON     ADMIRALTY     LIST. 
ESTABLISHED     1872. 


For  BOILERS 

HYDRAULIC     PRESSES 
FERRULES 
BORING    RODS 
BUSHES 


SHAFTING 
COUPLINGS  6 
GENERAL 
ENGINEERING 
PURPOSES 


4' 


?>fs^ V 


?A@Ii^'lriA(SMlIffli  if  Weighing  Tackle,  &c. 


One   Actual   TEST  is  worth 


DENISONS 


.  .  NEW.  . 

C.  I.  Bar  Tester 

A    a 

Tests  to  Destruction  Specimens 
2  in.    X    I  in.    and    I  in.    square 

S.  DENISON  &  SON, 

HuNSLET  Moor,  ^ 

near     LEEDS. 


Opinions. 


4- 


^i5|H»ii 


Boilers,  &c. 


Engineers  and 
Manufacturers  of 


BABCOCK  &  WILCOX,  Ltd., 

Patent  Water=Tube  Steam  Boilers. 


OVER   3,500,000   H.P.    IN   USE   IN  ALL   INDUSTRIES. 

The  only  Water-Tube  Boiler  which  gained  the  GRAND  PRIX 
(Hijjhcst  Award)  at  the  Paris   International    Exhibition,    liMJO. 


Complete  Installations  of  Steam 

Piping  and  Boiler  House  Plants. 


ALSO 


WATER-TUBE  MARINE  BOILERS. 

ESTIMATES   AND    PLAXS    ON   APPIICATIOS. 


Babcock  &  Wilcox  Boiler,  fitted  with  Superheater. 


Head  Office— 

LONDON:  Oriel  House,  Farringdon St., 
E.C. ;  and   Branches. 


A  valuable  treatise  on  "  Steam  "  and  "  Ac- 
cessories "  Catalotjue  free  on  application, 
to  Engineers  and  Steam  Users. 


WORKS:  Renfrew,   SCOTLAND. 


HerbertWPermL™ 

(1ooDCaTES'^v/oI{K5 
BlRMlHCljA'A. 

TELEGRAPHIC  ADDRESS 

"floodgate"  BIRMINGHAM. 

TELEPHONE     N?  373. 

STOCK     250.000.    CROSS 


m_  ^x^^i 


^£^ 


^    «£-* 


^  ^jiiiiilL^ 
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Boilers 
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Boilers,  &c. 


THE 


STIRLING  COMPANY  OF  U.S.A. 


(BRITISH     BRANCH) 

The   Original  Manufacturers    of  the 


STIRLING 


WATER-TUBE 

SAFETY 

THE  MOST  ECOfJOMICAL  BOILER  GfJ  THE  MARKET. 


BOILER 


SECTIONAL         ELEVATION. 


ADAPTED  for  ANY  KIND  of  FUEL,  and 

for  either  HAND  or  MECHANICAL  STOKING. 

Specially  suitable  for  Firing  by  Gas  from 
Blast  Furnaces  or  Producers,  or  for  utilisinjij 
Waste  Heat  from  Heating  Furnaces.  Upwards 
of  1,300,000  H.P.  of  our  Boilers  in  operation. 


ESTIMATES      aiVEN      FOR      COMPLETE       BOILER-HOUSE      EQUIPMENTS. 

ONLY     ADDRES5     IN     GREAT     BRITAIN— 

53,  Deansgate  Arcade,  Manchester. 


TELEPHONB  3098. 


Telegrams:    "TUBULOUS.    IVIANCHESTHR. 


THE    MORRIN    PATENT 

'CLIMAXWATERTUBEBOILER 

600,000  H.P.  in  use. 


Made  in  all  sizes 

up  to  1,500  H.P. 

Suitable  for  all  Stcam-iaisini; 

purposes,  aiidall  conditions 

of  working. 
Best   disposed   Heatin.s^   Sui- 

face      for      utilisation     of 

furnace  gases. 
Best  water-circulating  system 

and      steam    superheating; 

system  obtamahie. 
Tubes   all   one  si/,c,  and  e\ 

panded  intoonedrum  ip[ily. 
Economical  In  lloor  space. 
Kconumical       in       workini;, 

whether    lired   by  hand  .u 

mechanic.illy. 

Also  Coal,  Coke,  and  Asli 

Conveyingr  Plants,  Walci" 

Sol'lcners,  and  Puiificrs, 

Steel  Chimneys,  &,c. 


LTD., 

Climax  Uoilcr  Ulorks, 
REDDISH,    near 
MANCHESTER. 


London  Office:  47,   VICTORIA  ST.,   WESTMINSTER. 


J.  Fredk.  Melling, 

14,  PARK   ROW, 
LEEDS,    England. 

iron  «&  Steel  Bars,  Plates,  Sheets,        write  for 
Ciirders,   Channels,   Angles,     Rails,        section  Lists 
Blooms,  Billets,  &   Slabs.  ""'  ^''''^ 


Telegrams  :  -  Li:i;.ATiox,  Leeds." 


1 

I?J.B.Tr[asure&CO- 

Hxcelsior  Fire- Polished 

GAUGE    GLASSES, 

LUliRICATORS. 

cr-^                                                                                             1 

□   INDIA  RUBBER     WASHERS, 

Vauxhall  Road,  Liverpool. 
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Boilers,  &c. 


ROVlES  limited-  I riam  •  /v\ANeH ester . 


COCHRAN  BOILERS 

PATENT  VERTICAL  MULTITUBULAR 


AND 


fIigh=Class   Cross    Tube 


Supplied    to    all    the 
LEADING 

STEAMSHIP    OWNERS, 

RAILWAY    COMPANIES, 

and    GOVERNMENTS 

throughout    the    World. 


COCHRAN  &  CO.  (Annan), 

LIMITED, 

Annan,  Scotland. 


Wj^^^^^n:^^ 
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Brass  Foundry 


S 


5^ 


|i{,|         S'  inclined  I  Hi  (.  up 


Oil  Gaii};e  Indicator  for  Solid 
Bearings. 


Hunt 


and 


Mitton, 


MAKERS    OF 


HIGH-CLASS 
FiniNGS  ONLY 

for  Engines  and  Boilers.    ^^^^^^=^ 


Engineers'  Brass  Finishers. 


CROWN  BRASS  WORKS, 
OOZELLS  STREET  NORTH, 

BIRMINGHAM. 


Patent  "  End  Sight"  Oil  Distributing  Dox. 


Telegrams  : 

MiTTON,  Birmingham." 

Telephone  ;  394. 


Complete  Self-contained  Boiler  ^^L 

Equipment. 


St-'ani  Cylindei  (Jrcasc  Cups. 

47 


Killiiigbcck'sSiKhl  Ectd  I.iil)iii..itor. 


Lubrication 


VACUUM"    WASTE    OIL    FILTERS    (Patent). 

SAVE    INITIAL    OUTLAY     IN     A     SHORT    TIME. 

Prices  fron,  37s.  6d.  to  £2 1  each,  with  fiUerin,  capacities  varyn^m™^ .:^ ,ns^pe^weeK^^^  -Ullil' p^*;^^ on  iS>f^Sl^:^sl,  of  our 


Largely  adopted  by  gas  engine  and  other  machinery  users.     Invaluable  li>r 

••  B"   TYPE 
PATENT  FILTER.  = 


Open. 


Closed. 


■1.   e 


VACUUM    OIL  COMPANY,  LI^   NorfolK  Street,  LONDON,  W.C. 


J-Iow  the  Oil  Got  There 


we  could   not  in  the  least  comprehend, 
until  we  saw         -^         -*         -*         -^ 


KAYE'S     PATENT    OIL    CAN 

used.  This  ingenious  contrivance,  the  outcome  of  thirty  years'  experience,  is  seamless, 
has  a  seamless  Spout  which  may  be  bent  in  any  direction,  a  new^  Valve  and  Spout 
Attachment,  and  a    Valve    Thumb    Button    by    which    the   oil    is    released    at    w^ill.       -It     4> 


JOSEPH    KAYE    cS    SONS,    Ltd., 


4>^ 


and     93. 


LocK    Works.     LEEDS: 
HIGH     HOLBORN.    LONDON,     W.C. 


Lubricators,  &c. 


MOSSES  &  MITCHELL'S 

Genuine  Vulcanized  Fibre 

SHEETS. 
TUBES. 
RODS. 

INSULATORS. 
VALVES. 

WASHERS. 

STAPLES. 


WRITE    FOR    PAMPHLET    AND    PRICES. 


MOSSES    &    MITCHELL, 

70-71,  CHISWELL  STREET,  LONDON,  E.G. 


.  .  RATENT  .  . 

LUBRICATORS,  OIL  CONDUCTORS, 

GREASE    CUPS. 


FINEST 


QUALITY. 


-5,  A  7  I  9 

16  8  16  2  16 

Cast  Steel  and    Phosphor  Bronze. 
Send     for    New    Catalogue. 


TEALE  &  CO.,  Birmingham. 


W.H.WILLCOX«5Co.,Ltd.    ® 

23,  34  and  36,  Southwark  Street,  LONDON. 

PENBERTHY    PATENT    INJECTOR 


Acknowledged  the  best  for  Traction 
Engines,  &c. 


For  ALL  Boilers. 

OVER    230,000    IN    USE. 

HANDLES    HOT    WATER.  Will  Deliver  at  Boiling  Point 

Works  on  High  and  Low  Pressures. 
AUTOMATIC   and   RESTARTING.  Lifts  up  to  22  ft. 

N     3     STYLES     AND     16    DIFFERENT     SIZES 


9^ 


i 


ASHTON'S  ^p!£SJ-  LUBRICATORS 

Never  fail.       Thousands  Sold, 


1^ 


Size 

Price      3e  - 


SENT    FOR    ONE    MONTH'S    FREE    TRIAL. 


Fill! 


AsK  for  List  36. 


39-  4S-  "ZS-         110  -    each. 

Do  not  confuse  this  with  the  cheap,  unfinished,  American  make. 

THOMAS   A.   ASKTON,   Ltd.,  Norfolk   Street,  Sheffield. 

49  D 


Packings,  &c. 


The 


"LANCASTER" 


PATENT 


k:.  t.  ivi. 


METALLIC  PACKING 

Supplied      to     British     and     Foreign 
Navies  and   all    Principal  Engineers. 


,4.      ,4.      ,<, 


iHBEiniMlll 


PERFECTLY    STEAMTIGHT." 

f       T'       r' 

Save    60    per   cent,    of    Friction    over 

best    A^sbestos    Packing.      Need    not 

the  slightest  attention. 


WRITE      FOR      FULL      PARTICULARS       TO- 

T  A  CD  f^W^  ¥    i.  J       Steam  trap,  Steam  Dryer,  &  Pistonmakcrs, 

Lancaster  Cf^  1  Onge,  Lftd-  Pcndicton,  Manchester. 


EXHAUST   HEAD 


(Fletcher's 
Patent), 


Prevents    the    Ejection   of   Oil    and    Water. 

Reduces  the   Noise  of  the  Exhaust.     Saves   the    Oil    or    Grease. 
Prevents    Damage   to    Property.  No    BacK    Pressure. 

Guaranteed    Effective. 


Sole    Licensees. 


THE   FRICTIONLESS  ENGINE  PACKING  CO.,  LTD., 

Hendham  Vale    Works,  Harpurhey,  Manchester. 

Sole    Proprietors 

"KARMAL"    ENGINE     PACKING.  "ROKO"=EDGE     BELTING. 


"Auto"   Roller  Bearings 

FOR   MOTORCARS,    LORRIES,    TROLLEYS, 
TRAMCARS,    CRANES.    AND   OTHER    MACHINERY. 

SAVI\1(.    OVER    PLAIN    BEARINGS. 

70  per  cent,   less  frittion  and  70  per  cent,  less  s<artinjj  effort  compared 
with  the  best  pinin  bearing:s. 

Also    BALL    BEARINGS    OF    ALL    KINDS. 

A    ROLLER    BEARING   tray  be  seen  by  appointment    running  ^t    1,350   revolutions 
per  minute,  with  a  load  of  ONE  TON  on  a  i  in.  diam;ter  shaft. 


The  AUTO   MACHINERY  CO.,  Ltd. 

READ  STREET,  COVENTRY. 
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Packings 


THE 
BEST 


METALLIC   PACKING 


IN     THE     WORLD. 
OVER    130,000    FITTED 

TO    ALL    TYPES    OF    ENGINES    IN    EUROPE.    ASIA, 
AFRICA.    AND    AMERICA. 


Supplied   to   the    British,   United    States,    Dutch,    Spanish, 

Japanese,   6c..   Navies.      Friction    Decreased.      Power  and 

Fuel     Saved.  Vacuum     Improved.  Automatic     Self« 

Adjusting.     Steam  Setting.     Entirely  Metallic. 


■£>  Son  it" 


United  States  Metallic  Packing 


CO.,    LTD. 


Telegr.ims  :  "  Metallic.  Bradford. 
Telephone  No.:  604. 


BRADFORD. 


Also  Mahers   of 


THE  BRADFORD 
PORTABLE 


Power  Drill  &  Reamer. 


AIR    COMPRESSORS    and    PNEUMATIC    HAMMERS. 
PNEUMATIC    HOISTS.      PNEUMATIC    PAINTERS. 
PNEUMATIC    RIVETERS,    6c.,    6c. 


OVER       3,000,000        H.P.        FITTED 

Correspondence    invited. 


COMBINATION 
METALLIO 

PACKING 


/  .  .  THE 

COMBINATION     METALLIC     PACKING 

CO     I  Tn 

GATESHEAD=ON  =  TYNE. 


5' 


D   Z 


^5WH»iS 


Publications 


A  TEST 


The  best  way   to   appraise  a   volume  is   to   carefullv    analyse   the    contents. 

IF  YOU  ARE  INTERESTED 

IN   THE 


ENGINEERING, 
SHIPBUILDING, 
IRON    6    STEEL, 
ELECTRICAL,    6 
MINING    INDUSTRIES, 


You  can  easilv  form  an  accurate  conclusion  as  to  the  value  ot  the  First 
Volume  of  "PAGE'S  MAGAZINE"  bv  referring  to  the  INDEX 
published    with   this   number.     Why    not    put    it    tO    the    tcst? 

Vol.   1.      July-  December,    1902.     Fully    Illustrated, 
Handsomely    Bound    in    Cloth. 
Should    be    in    Your    Library. 
Edition    Limited. 
£1    Is.    Od.    net. 

NOW    READY. 


CLUN    HOUSE,    SURREY    STREET, 
STRAND,    LONDON,    V/.C. 


Lubricants,  &c. 


TTTTTITT 


HIGH-CLASS 

LUBRICANTS 

For  Machinery  of  every  description. 


TRADE     MARK. 


NOTICE. 

During  the  recent  trials  of  H.M.S.  "Viper,"  when  her  Engines  developed  12,000  Indicated  Horse- 
power, and  the  Admiralty  mean  speed  for  the  six  runs  showed  36-581  knots,  or  a  velocity  equivalent 
to  43  miles  an  hour,  our  Lubricating  Oil  was  used  with  most  satisfactory  results. 


BLUMANN   &  STERN,   Ltd., 

PLOUGH     BRIDGE,     DEPTFORD,     LONDON,     S.E. 


Telegrrams:    "BLUMANN,   LONDON." 


Telephone  No.:  92  DEPTFORD. 


THI 


*  "White  Ant"  Metal 


•  (SUPERIOR     TO     MACjNOLIA     METAL) 

1    llOSUnOr        '^  ^^^  Cheapest  and    Most   Reliable  of 


Bronze 
Co.,  Ltd., 


I 


White  Anti-Friction  Alloys. 

PLASTIC   METAL  BABBITS    METAL. 

('•  C'.iL,'  Wlicd"    P.iMiid.l  (■•Vuk.iii"    I'.i.ukI.I      Seven   Cir.ulfS 

"PHOSPHOR"    WHITE 
LINING   METAL 

(Kqiial  lu   Wliitc  Brass  Xo.  2.) 


"WHITE  ANT" 

BRONZE. 

SOUTH  WARK,       f  (Superior  to   l-\nt..n-   .McI.iI) 


LONDON,  S.E. 


Sec    Next     Month's     *dvt. 

for     Phosphor     Bronze 

Alloys. 


.S3 
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TT" 


SIROCCO"  FANS   FOR    S.S.   "CELTIC." 


Fans,  &c. 


"  SIROCCO 

Centrifugal 
Fans 

VENTILATION 
FORCED    DRAUGHT 
INDUCED  DRAUGHT 
HEATING,      .. 
COOLING, 
DRYING, 
REFRIGERATION, 
DUST   REMOVAL. 
FORGE  FIRES,  etc.,  etc 


3lso  "5irocco"  Propeller  Tans,  Furnace  Tronts,  Engines,  etc. 


Illustrated    and   Descriptive   Pamphlets 
on  Application  ^  .^  ■^  * 

Branches:  LONDDN.^MANc«s^^^^^^^  "  Slrocco  "  Engineering  WorRs,  BELFAST. 


DAVIDSON        d        CO.,        Ltd.,        on  Application  .  .  .  ^ 


"  STANDARD 

EXHAUSTERS, 
BLOWERS, 

FANS, 


» 


Write   for  Prices   and    Particulars   tc 


THE  STANDARD  ENGINEERING  CO.,  LTD, 

LEICESTER. 


43!  WiLFLEY  Tables 

Have  been  installed  by  the.  .  . 
ANACONDA  COPPER  COMPANY, 
and  are  now  in  use  at  that  mine. 


If  you  are  in  the  market  for 
CONCENTRATING  MACHINERY, 
send  for  particulars  of  the  No.  4 
WILFLEY  TABLE,  to  be  obtained 
of  the  Sole   Proprietors:  — 


THE  WILFLEY  ORE    CONCENTRATOR 

SYNDICATE,   Ltd., 

7- 1 1,  Moorgate  Street,  London,  E.C. 

Telegraphic  Address  :  "  WRATllLESS,  LONDO.N." 

Telephone  Xo. :  1652  London  Wall. 

Codes  used:  Bedford   McNeill;  A.  15.  C.  ;  Mokeixg  &  Neal, 

CiENEKAI.. 

More  than  4,000  Wilfleys  have  been  sold. 
Upwards  of  600  mines  are  using  our  Concentrator. 


Iron  and  Steel 


CALCUTTA : 

31,    Dalhousie  Square. 


^^-^i^iiiS^^L  'If 


Steel  Buildings 
and  Roofs. 


■     ■ 


Roof 

Principals, 
Girders,  Bridges. 


FIREPROOF 
FLOORING. 


Also 

MANUFACTURERS 

of  the 


(( 


BAYLISS, 


JONES  &BAYLISS,y' 


MFRS. 
OF 

IRON 

AKD 

WIRE 
'ENCINC, 
lURDLES, 
RAILING, 
GATES, 

TREE- 

CUARDS» 

&c. 

ow 
Prices. 


WOLVERHAMPTON. 

LONDON  SHOW  rooms:-   ^^ 
I59&I4-I  CANNON  ST  E.C.^ 


EUREKA '^ 
LOCK-NUT, 

and 
ALL    KINDS    OF 

RAILWAY 

and 

TRAMWAY 

FASTENINGS 

GALVD. 
*'  TELEGRAPH 
POLES, 
TIE-BARS, 
NAVVY 
BARROWS, 
&c.,  &c. 


56. 


INDEX-TO'ADVERTISERS 


Addy,  George,  &  Co 

Addressoijraph,  Ltd 

Allgemeine  Elektricitats-Gesellschaft  .. 

Anderson,  D.,  &  Son,  Ltd. 

Armstrong,  Stevens  &  Son 

Ashton,  Thomas  A.,  Ltd.... 

Asquith,  W. 

Atlas  Metal  and  Alloys  Co.,  Ltd 

Auto  Machinery  Co.,  Ltd. 

Avery,  W.  &T.,  Ltd.      ... 

Babcock  and  Wilcox,  Ltd. 
Bayliss,  Jones  &  Bayliss,  Ltd 

Becker,  R.  &  Co 

Bertrams,  Ltd 

Blake  and  Knowles'  Steam  Pump  Works,  Ltd 

Bleichert,  Adolf,  &  Co 

Blumann  &  Stern,  Ltd.    ... 

Booth,  Joseph  &  Brothers,  Ltd 

Bridge,  David,  &  Co 

Britannia  Engine  and  Tool  Factory    ... 


PAl.K 

97 
88 

38 
3.1 
49 
14 
60 


43 
56 

16 

29 

53 
70 

91 
r. 


British  Steam  Specialties,  Ltd 

Broadhcnt,  Thos.  &  Sons,  Ltd. 
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NEW    EDITIONS     OF    STANDARD     WORKS. 

li^r  Orj.      Seventh   Enniox.  thoroughly  Revised.     Fockcl-Sizc  I-cither.     8s.  6d. 
A    POCKET-BOOK    OF 

MARINE    ENGINEERING    RULES    AND    TABLES. 
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VALVES    AND    VALVE  -  GEARING: 

Including  the  Corliss  Valve  and  Trip  Gears. 
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JLST  OlT.     KlbTH  Ei.iTlox.  thoroughly  Revised  and  considerably  Enlarged.     Large  Kvo,  wilh  numerous  I  lluslratinns  and  Mkro-Phclographic 

Plates  r>f  dilier.Mit  v.irietiis  o(   ^teel       I'rii  r  I8s. 

AN    INTRODUCTION    TO    THE    STUDY    OF      METALLURGY. 

By  Sir  W.  K0BERT5-AUSTEN,  K.C.B  ,  DC  L.,  H  R  S  ,  AR.S.Al  , 

L.-itc  Chemist  and  Assayer  01   the  Royal  Mint,  and  I'roitss or  ol  Metallurgy  in  the  K.)yal  College  of  Science. 
•Xo  English  textbook  at  all  approaches  this  in  the  co.mileteness  with  which  the  mobl  modern  views  on  the  subject  arc  dealt  with.     Profcs».>r 
Austen's  volume  will  be  lwaliable,  not  only  to  the  student,  but  also  to  those  whose  knowledge  of  the  art  is  lar  advanced,  —uicminii  .yeu-i. 

|i      I    nn       NlNKIKI-NTII   A\Nf\I     l-MT.      I''t7s.   6c1. 

OFFICIAL     YEAR  -  BOOK      OF     SCIENTIFIC     AND     LEARNED 

SOCIETIES     OF     GREAT     BRITAIN     AND     IRELAND. 

Compiled  from  O.hcial  Sources,  and  pubhshed  m  the   Aulunu,..,   . ...  h   :,c,„.     UV.hl.,-:^  ..,.!..   I'..re.s  u..d| '  V''";\'??'Kine!rm  '**'" 

Royal  Societies  of  London  and  Edinburgh,  the  Untisli  A-sociaiioii.  and  all  llic  le.idm.;;  .So-iel  is  lhioiii;li.n,t  uic  Kini  1 
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Some  Recent  Press  Criticisms  on  PAGE'S  MAGAZINE. 
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brightest,  most  readable,  and  most  informative  of  the  monthly  engineering  publications,  avoiding 
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mechanical,  engineering,  and  commercial  subjects." — The  Belfast  Xcn's. 

"  Page's  Mag.azixe  for  the  current  month  is  most  interesting." — Pall  Mall  Gazette. 
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Birmingham. 
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GEXERAL    VIEW    OF    HOXAXZA    SURFACE    PLANT. 


THE  EQUIPnENT  OF  THE   BONANZaX  HINE, 

JOHANNESBURG. 


EDGAR     S  iM  ART,     A.  M.  Inst.  C.  E. 

This  artick- is  tlie  first  of  a  scries  in  whi.h  tlic  aulhur  will  dc.il  witli  sinne  ul"  the  most  important 
gold  minin.g  plants  of  the  Rand.  He  will  endeavour  to  give  prominence  in  each  case  to  those 
matters  in  which  tlie  plants  differ,  rather  than  to  well-known  features  which  are  common  to  many 
mines.  Attention  will  be  especially  drawn  to  any  improvements  in  detail  of  plant  or  practice 
which  may  have  been  worlced  out  at  the  particular  mine  under  consideration.— EuiTOK. 


A  S  it  is  intended  to  give  descriptions  from 
time  to  time  of  the  mining  and  metallur- 
gical i)lant  on  some  of  the  leading  gold  mines  of 
the  Rand,  it  will  be  as  well  to  say  a  few  words 
about  the  general  features  of  the  bankets  beds, 
so  that  the  terms  which  are  in  everyday  use  in 
Johannesburg,  such  as  "  deep  level  "  and  the  like, 
ma\-  be  understood  in  the  same  way  by  mining 
men  in  other  countries  where  different  cir- 
cumstances   have    given    rise    either    to    other 


nomenclature,  or  to  dillcrent  interpretations  of 
the  same  words.  Thus,  on  the  Rand  the  term 
"main  reef  leader"  is  simply  a  name  given  to 
one  of  several  parallel  reefs,  and  has  none  of  the 
significance  which  is  given  to  the  word  "  leader  " 
in  quartz  mining  districts,  e-^pr  iulK-  by  the 
sanguine  prospector. 

The  first  point  is  that  the  owner  ol  a  mining 
claim  is  limited  in  his  ojierations  by  \-ertica! 
l)lanes  passing  through  his  surface  boundaries. 
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The    Equipment   of   the    Bonanza    Mine. 
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Photo  by  Author.'] 

BACK    VIEW    OF    LEACHING    VATS,    RONAXZA   CYANIDE   PLAXT. 

Especially  showinj,'  the  construction  of  the  vats  and  methods  of  supporliny  same. 


W'ltliiu  these  limits  he  may  exj^lore  or  mine  to 
any  possible  depth,  and  thereby  not  only  benefit 
himself,  but  also  his  immediate  neighbour  on 
the  dip  side,  into  whose  claims  his  reefs  must 
inevitably  pass  sooner  or  later,  unless  they  pinch 
out,  or  are  absolutely  vertical  on  their  average 
course. 

The  next  point  requiring  notice  is  that  the 
conglomerate  beds  of  the  main  reef  series, 
which  at  their  outcrop  near  Johannesburg  have 
a  very  considerable  inclination  of,  say,  50 
deg.  to  80  deg.  southwards,  have  gradually 
flattened  as  they  go  down  by  continually  curving 
round  towards  the  horizontal. 

When  the  gold  was  first  discovered  a  long  l)ut 
merely  narrow  line  of  claims  was  })egged  out  to 
east  and  west  along  the  reef,  because  it  was 
naturally  sui)posed  that  if  the  reefs  continued 
(hjwnwards  the  steep  angle  of  inclination  would 
be  maintained,  so  that  the  space  included  up  to 
the  vertical  })lane  on  tlu'  south  l)ouii(lar\'  would 
contain  all  the  red  down  to  the  linnting  depth 
(jf  iirotitablc  mining.  'Die  jjropcrtit-s  situated 
u})on  this  line  of  claims  are  known  as  outrrop 
mines. 

Those  who  had  op|)ortunities  for  observing 
the  change  of  inclination  of  the  strata  in  the 
outcrop  mines,  and  intelligence  enough  to  ])rolit 


by  the  knowledge  thus  acquired,  soon  realised 
that  the  reefs  would  pass  out  of  these  claims 
at  a  very  moderate  depth,  and  consequently  a 
second  series  of  claims  was  pegged  out,  these 
additional  areas  in  some  cases  belonging  to  the 
outcrop  comimnies,  but  in  other  cases  having 
different  owners.  The  latter  areas,  when  worked 
separately,  are  generally  known  as  "  first  dip  " 
propositions.  As  further  work  confirmed  the 
fact  that  the  gold-bearing  reefs  continued  to  grow 
flatter  with  increasing  dc])th.  a  number  of  bore 
holes  were  put  down  at  \arious  distances  from 
the  outcrop,  to  ascertain  the  actual  depth  of  the 
reefs  at  these  points,  and  in  this  way  the  country 
for  several  miles  southward  has  been  explored. 
The  properties  now  being  opened  uj)  as  the  result 
of  these  boring  operations  are  known  as  "  deep 
level  "  mines.  Fig.  2,  which  is  a  diagrammatic 
ideal  section  across  the  reefs,  will  assist  the  above 
brief  explanation.  It  nuist  be  understood,  of 
course,  that  the  actual  occurrence  of  the  various 
beds  is  not  iu'arl\-  so  regular  as  shown  in  the 
diagram,  as  llie\-  sometimes  split  up  into  tour  or 
more  parallel  gold-bearing  reefs,  instead  •)!  three. 

GENERAL     CHARACTERISTICS    OF    THE     MINE. 

The  PHJiianza  Mine  is  situated  on  the  lirst  line 
of  dip,  and  the  work  of  o])ening  it  uj)  was  not 
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commenced  until  May.  1894.  Consequently,  the 
exjierience  as  to  variation  of  (lij-)  in  the  reels, 
which  had  been  gained  in  workmg  the  outcrop 
mines,  was  naturally  of  great  service  in  laying 
out  the  position  of  the  main  shaft,  and  deciding 
uj^on  the  general  scheme  of  development,  which 
has  therefore  been  carried  out  upon  the  lines  laid 
down  at  the  beginning  of  the  work  b\-  the  general 
manager.  Mr.  Francis  Spencer. 

The  main  shaft  is  16  ft.  4  in.  bv  6  ft.  6  in.. 
clear  inside  dimensions,  and  is  timbered  with 
8  in.  by  8  in.  pitch  pine  throughout.  It  is  \-ertical 
to  the  depth  of  680  ft.,  and  is  then  turned  on 
an  incline  of  30  deg.,  so  as  to  approximately 
follow  the  dip  of  the  reefs. 

The  cost  of  vertical  sinking  for  a  shaft  of  this 
size  on  the  Rand,  inclusive  of  timber  and  tim- 
bering, is  about  £20  per  foot. 

EXTENSIVE     USE    OF     ROCK     DRILLS. 

The  development  of  the  mine  and  the  raising 
of  the  ore  are  carried  on  in  the  usual  manner,  and 


need  no  sjiccial  reference.  One  point  of  interest, 
however,  in  the  underground  work,  is  the  earlv 
introduction  and  extensive  use  of  rock  drills  in 
the  slopes,  instead  of  drilling  by  hand  with  Kaffir 
labour,  under  the  supervision  of  white  miners, 
which  has  been  the  common  practice  for  stoping 
even  in  those  mines  where  rock  drills  have  been 
largely  used  for  develoi)ment.  The  special 
object  of  using  machine  drills  in  the  stopes  in 
this  mine  is  to  obtain  the  ore  in  large  lumps  to 
facilitate  the  subsequent  surface  sorting  opera- 
tions :  for  it  is  evident  that  when  the  rock  is 
broken  up  into  small  pieces  the  sorting  becomes 
more  difficult,  and  with  very  fine  stuff  it  is 
impracticable.  It  has  been  proved  in  practice 
that  the  extra  cost  of  2s.  per  ton  for  machine 
drilling  is.  in  this  case,  more  than  repaid  by  the 
extra  profit  arising  from  the  more  complete 
sorting. 

A  very  large  increase  in  the  number  of  rock 
drills  used  on  the  Rand  may  be  confidently 
anticipated,  as  they  will  economise  labour,  and 
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obviate  to  some  extent  the  difficulties  which  are 
likely  to  arise  when  the  shortage  of  native  labour 
liecomes  accentuated  by  the  increased  number 
of  stamps  at  work. 

The  ore  is  raised  in  ij-ton  self-dumping  skijis 
of  the  usual  tyj)e,  which  deliver  it  into  a  l)in  at 
the  top  of   tlie  sorting  house,   shown   at   A.   in 

SOHTCNG. 

The  arrangements  for  sorting  at  this  mine 
arc  interesting,  on  account  of  their  extreme 
simplicity.  As  no  revolving  talkie  or  travelling 
floor  is  required,  this  method  may  hv  used  with 
special  benefit  in  cases  of  limited  output,  or  lor 
mines  whose  life  is  likely  to  be  short,  so  that  the 
introduction  of  expensive  plant  is  not  justified. 
The  ore  from  the  npjjcr  bin.  A,  is  filled  into 
trucks,  B,  which  run  on  a  track  extending  the 


whole  lengtli  oi  the  sorting  house,  along  the 
top  edge  of  the  row  of  four  coarse  grizzlies,  C. 
The  bars  of  these  are  set  to  give  2i  in.  spaces, 
and  when  a  truckful  of  ore  is  tipped  on  to  them 
the  largest  lumi)s  slide  down  on  to  the  upper 
sorting  floor.  D,  where  a  jet  of  water  is  turned  on 
for  a  few  minutes.  When  washed,  the  gold- 
l)earing  l)anket  is  readil\-  distinguishable  from 
the  country  rock  on  account  of  the  white  quartz 
])ebbles  contained  in  the  former.  \fter  this 
brief  washing,  tin'  lumps  of  rock  are  picked  up 
one  by  one  and  thrown  across  the  floor  by 
Kaffirs,  the  waste  rock  being  sent  in  the  direction 
ot  the  opening,  E,  while  the  pay  ore  is  thrown 
towards  tlie  opening,  F.  Other  Kaffirs  throw  the 
waste  rock  into  trucks,  L,  through  hole,  E,  while 
others  send  tlie  pay  ore  tlown  through  F  to  a 
floor.  (1,  just  abo\-e  the  feed    level  of   the  gates 
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crushers.  These  are  set  to  crush  the  rock  to 
about  an  inch,  after  which  the  broken  ore  taUs 
chrectly  into  storage  bins.  K. 

Returning  now  to  the  ore  which  laUs  through 
the  first  grizzly,  C.  This  falls  on  to  a  second 
grizzly.  H,  with  i.^  in.  spaces  between  the  bars, 
through  which  the  finest  stuff  falls  into  the  above 
mentioned  storage  bins.  The  medium  sized 
rock  slides  down  to  the  lower  sorting  fioor,  J, 
where  it  is  dealt  with  in  a  similar  manner  to  that 
already  described,  after  which  the  payal^le 
]x)rtion  goes  through  the  same  Gates  crushers  as 
the  coarse  lumps  already  mentioned,  and  to  the 
same  storage  bins,  K. 

By  this  method  one  white  overseer,  with 
twenty-four  Kaffirs,  can  handle  twenty  tons  ]^er 
hour  in  a  satisfactory  manner.  The  following 
table  gives  details  of  the  work  done  in  the  sorting 
department  for  the  first  nine  months  of  1902  : — 


.Mi)nth. 

it  "^ 

Cle.in  ore 

sent  to 

mill. 

Percent- 
age of 
waste 
sorted. 

January   ... 
Fehruarv... 
March      ... 
April 

May 

lunc 

July 

August     ... 
September. 

Totals  ... 

Tc.ins. 
9,83  • 
9,772 

10,012 
9,619 

10,313 
9,550 
9,485 
9,711 
9,288 

Tons. 
1,959 
1,954 
2,100 
2,242 
2,206 
1,770 
1,636 

1,571 
1,680 

Tuns. 
7,'^72 
7,818 
7,912 
7,377 
8,107 
7.780 

7,^^49 
8,140 
7,608 

Out. 
1992 
19-99 
20-97 
23"30 
21-39 

i«"53 
17-24 
16-17 
18-08 

87,581          17,118          70,463         i9'55 

The  principal  factors  which  affect   the  })ro- 
portion  of  waste  rock  sorted  out,  and  so  account 


tor   the   variations   in    the   last   column,   are   as 
tollow.  tlie  first,  of  course,  being  obvious:  — 

1.  The  width  ol  reef,  or  more  exactly,  the 
in'oportion  between  i)ay  ore  and  luullock  across 
the  actual  stoj^ng  width. 

2.  The  relative  (juantities  of  large  and  small 
stuff  in  the  broken  ore  as  received  from  the 
mine. 

WASTE     ROCK     HOSST     AND     DUMP. 

The  trucks  from  L  (fig.  i),  containing  the 
waste  rock,  are  taken  to  the  staging  near  the 
headgear,  shown  in  the  photographs.  There 
they  are  raised  by  a  Reedy  elevator  and  tipped 
from  the  end  of  the  platform,  which  is  about 
65  ft.  above  the  ground  level,  so  that  a  very 
large  quantitv  of  material  can  be  tij)ped  before 
the  dump  rises  to  the  level  of  the  platform. 
When  this  happens  the  rails  will  be  extended 
along  the  dumj).  so  that  this  arrangement  gives 
a  practically  unlimited  space  for  depositing  the 
waste  without  any  alteration  of  the  existing 
machinery  for  handling  it. 

The  Reedy  elevator  stops  itself  automatically 
at  the  end  of  each  journey  in  a  very  simple 
manner.  The  cages  are  attached  to  an  endless 
rope  driven  b}'  a  grooved  drum  in  the  usual  way. 
This  drum  is  })rovided  with  one  driving  j)ulley 
and  two  loose  pulleys  with  two  belts,  one  of 
which  is  crossed.  A  light  endless  wire  rope 
passes  over  a  small  pulley  at  the  top  of  the  hoist, 
and  twice  round  a  flanged  pulley  at  the  bottom, 
the  latter  being  connected  by  sector  and  rack 
to  the  belt  forks.  Near  the  top  a  clamji  is 
attached  to  this  light  rope,  so  that  when  the  cage 
comes  up  a  projecting  lug  on  the  cage  strikes 
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the  clamp  aiitl  mo\-es  the  wire  roj^e  far  enough 
to  shift  the  belt  on  to  the  loose  pulley.  To 
lower  the  cage  again,  the  ro])e  is  pulled  still 
further  in  the  same  direction,  thus  brin.ging  the 
other  belt  into  action,  and  gix'ing  the  elevator 
drum  a  reversed  motion. 

POWER     INSTALLATION. 

This  is  of  interest,  because  it  includes  the 
electrical  transmission  of  power  to  several 
of  the  separate  departments,  and  also  on 
account  of  its  compact  arrangement. 

All  the  steam  required  for  the  whole  of  the 
works  is  derived  from  one  set  of  l)oilers.  each 
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^u])|)lied  to  the  boilers  at  a  temperature  of  about 
1 80  deg.  The  four  working  boilers  suj^ply 
steam  to  the  following  engines  : — 

Mill  engine,  indicating  .  .  .  29;)  h.j). 
Compressor  engine,  indicating  120  h.}). 
Hauling  engine,  averaging  .  .      80  h.}). 

Total     .  .  .  .  490  h.p. 

The  following  table,  from  figures  kindh- 
sui)i)lied  by  I\Ir.  Gray,  will  give  a  fair  idea  of  the 
(]uality  of  ordinar\- Transvaal  coal. 

Table  of  boiler  results  for  quarter  ending 
September  30th.  1902  :  — 
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lb  ft.  long,  and  6  ft.  in  diameter,  of  the  exter- 
nally fired  return  tube  type.  Four  of  these  are 
constantly  at  work,  wliile  the  rcmaiiung  two 
arc  in  reser\-e.  so  that  all  rrjuiirs  can  br  ctfected 
witlunit  interference  with  the  regular  running  oi 
the  machinery.  The  importanc-e  of  this  will  be 
.sufficiently  emphasised  by  a  mere  statement  of 
the  fact  that  the  stoppage  of  the  null  involves 
a  diminution  of  mcome  equal  to  about  ^42 
l)er  hour,  or  say  /i.ooo  per  daw 

A  Weir  pumj)  is  used  for  feeding  thesi'  l)oilers. 
and  is  particularly  praised  by  the  comi)an\'s 
engineer,  Mr.  \\'illiam  Gra\-.  This  pumj)  is 
placed    in    a    well,    because    the    feed    water   is 


liilv 
All-. 
SejM. 


Tons 
of 


Cli  ulcer 
and  .'islies 


Per- 

centa.Ue 
if  w.'istc. 


N=;o 
,S5o 
goo 


541. i"^' 

OOI.'ioO 


Feed  w.iter 

in  lbs. 


Pounds 

evaporated 

per  lb.  of_ 

eoal. 


30  S7  I  8,243,500 
31X3  I  i^J.S3,ooo 
3342    '   9.23(S,ioo 


4S40 

5-14.S 


:/)Oo      i/)(y),635       32-04     26,234,6001      5'043 


ENGINES. 

The  hauling  is  done  by  a  pair  of  Robev 
with    cylinders  of  13  in.  diameter   and 
stroke,  geared  3  to  i  to  a  b-ft.  winding 

The     rock    drills    are    sup})lied    by 


engmes, 
a   26-in. 
drum, 
a    cross 
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coin])()un(l  condensing  Ingersoll-Sergcant  com- 
pressor,-with  the  usual  coohng  reser\-oir  between 
the  two  air  cxJinders.  This  machine  can.  it 
required,  work  up  to  260  h.p.  at  tllty 
rev'olutions  per  minute,  although  at  present 
only  about  half  this  power  is  usually  required. 

The  mill  is  driven  by  a  Ruston-Proctor  com- 
pound condensing  engine,  with  14- in.  high- pres- 
sure. 24-in.  low-pressure  cylinder,  and  36-in. 
stroke,  running  at  about  seventy  revolutions  per 
minute.  This  engine  not  only  runs  the  battery, 
including  mill  hoist  and  pump,  but  also  supplies 
power  for  the  crushers,  tailings  j-jlant.  and 
worksho})  b\-  electric  transmission  from  three 
d^'namos,  which,  together,  are  capable  of  de- 
livering 135  e.h.p.  to  motors  distributed  about 
the  surface  works.  This  use  of  electric  motors 
on  mines  for  sub-division  of  transmitted  power 
is  continuallv  extending. 

The  following  table,  giving  the  distribution  of 
power  between  the  various  departments  during 
the  third  quarter  of  1902,  will  be  of  considerable 
interest  to  those  having  charge  of  similar 
machiner}'  elsewhere,  but  who  have  not  the  same 
facilities  for  accurate  measurement  of  the 
separate  items.  It  is  simplified  in  this  case  by 
keeping  a  record  of  hourly  ampere  meter 
readings,  a  work  which  amply  pays  for  itself 
in  man^•  wavs. 


Table  showing  distribution  of  jjowcr  supplied 
l)y  mill  engine  for  quarter  ending  September 
30th.   1902  : — 


July.         ' 

August. 

S-ptcmbir. 

I.H.P.  1 

Per 
cent. 

I.H.P. 

Per 

cent. 

I  M  P        *'*'■ 
'"'■     cent 

.Mill   hnist         ... 

0-6 

•201) 

0.6 

•238 

0^6          .2 1 

Crushers 

1 1  05 

.V«.^fi 

I  I  06 

yH 

V5«     3' 3-1 

Mill  pump    ... 

10 

.r472 

10 

.r474 

10         3-47 

Stumps 

192-66  66-,S9S 

187-83 

65  21S 

191-48  6648 

TailingN  pump 

«-4 

2(;i6 

8-4 

2-9 1  s 

!'/4      2  91 

Sand  plant    ... 

2042 

709 

1  -rqs 

6-937 

2095    7'28 

Slime  plant  ... 

26-16 

()oSi 

."ii'3.i 

10947 

2S-4I     9-80 

Electric  lii^hl.. 

15 

.=i'-'"9 

15 

5  20S 

i.S         5-21 

Workshops  ... 

371 

129 

3-6 

1-25 

358     125 

WATER     CIRCULATION. 

The  water  suj:)]:)!)-  for  the  mortar  boxes  is 
pumped  through  the  condenser  of  the  mill 
engine  to  two  storage  tanks  with  a  combined 
capacity  of  50.000  gallons.  These  are  placed  on 
a  platform  about  50  ft.  high,  so  as  to  command  the 
whole  of  the  surface  plant  and  buildings  through 
hydrants  placed  at  suitable  positions  around  the 
works.  In  case  of  fire  a  special  pump  can  at 
once  be  set  to  work,  which  will  throw  200  gallons 
per  minute  into  these  tanks.  The  normal 
overflow  from  the  tanks  goes  to  the  compressor, 
where   it    is    first    used   to   cool  the  air  in  the 
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cliamber  between  the  two  compression  cylinders. 
and  is  then  passed  through  the  condenser. 

The  condensed  steam  from  both  engines  is 
pumped  into  a  vertical  stee'  c\Iinder.  whose 
upper  half  is  filled  with  broken  stone,  which 
becomes  and  remains  hot.  At  the  top  ol  the 
a])paratus  there  is  a  sprinkler.  1>\-  which  water 
can  be  sprayed  on  to  the  stones :  this  water 
becomes  heated  as  it  trickles  through  to  mix  with 
the  condensed  steam  l)elow  them.  When  the 
feed  ])ump  of  the  boilers  draws  more  water  from 
the  cylinder  than  is  supplied  1)\-  the  e.xhaust 
steam,  a  float  in  the  lower  half  actuates  the 
sprinkler,  and  the  dehciencv  is  made  uj)  in  the 
way  mentioned  al)ove.  When,  on  the  other 
hand,  the  jnunp  withdraws  less  than  the  sujiplx'. 
the  surplus  passes  away  1)\-  an  o\-ertiow  ])ipe. 
By  means  of  this  simj>le  a])i)aratus  the  whole  of 
the  feed  water  is  sent  into  the  Ixjilers,  as  alrcad\' 
mentioned,  at  about  i(So  deg.  F. 

THE     MILL. 

This  battery  started  working  in  July.  1896, 
with  twenty  head  ;  it  was  increased  in  October 
of  the  same  year  to  thirty  stamps,  and  in  Ma\-, 
1897,  to  forty  stamj)S.  in  consequence  of  the 
tonnage  opened  up  l)y  the  development  work 
having  exceeded  expectations.  In  Kjoo.  owing 
to  the  reefs  in  the  lower  levels  proving  to  be 
of  greater  width  in  the  stopes  than  ])reviouslv 
found  in  the  drive,  another  addition  of  fifteen 
stami)s  was  made.  The  mill  now  contains 
forty  stamps  at  1.050  11).  each,  and  fifteen  at 
1,250  lb.  each,  dropping  -jl  in.  at  ninet\--six 
drops  ]ier  minute. 

At  first  20-mesh  screens  were  usetl.  and  with 
these  the  mill  gave  a  dut\-  of  5-43  tons  per 
stamj)  per  daw  in  1^97.  careful  experiment 
showed  that  finer  crushing  would  \ield  a  greater 
total  })rofit.  and  consequently  jo-mesh  screens 
were  substituted,  with  a  resultant  decrease  of 
duty  to  4-98  tons.  Hut  another  outcome  of  this 
change  was  an  increase  in  the  ])roportion  of  gold 
recovered  in  the  null,  which  in  i8()f)-7  was 
53'54  I'tT  cent,  of  tlu'  original  value  of  the  ort\ 
while  in  1897-8  it  was  5571  j)er  cent.  The 
extractions  in  the  c\-anitle  work  were  increased 
from  74-5  to  8i-2  per  cent,  ot  the  gold  in  the 
sands,  but  as  there  was  actually  less  gokl  left 
in  the  battery  tailings  during  tlie  latter  period. 


the  gold  recovered  by  cyanide,  calculated  on 
original  ore  values,  was  altered  from  30-59  to 
29-32  j)er  cent.,  so  that  the  total  recovery,  before 
the  treatment  of  slimes  commenced,  was  85-03 
jjcr  cent,  of  the  ore  value.  After  the  starting  of 
the  slime  plant  in  i8<)7  the  mill  reco\-er\-  again 
increased  to  58-42  pt'r  cent.,  this  l)eing  due  to  the 
lime  then  jiresent  in  the  mill  water.  In  the 
latest  complete  record  of  continuous  work  lor 
twelve  months  the  figures  are  :  — 

Mill  recovered      ..  ..      5()-8i  per  cent. 

Cyanide  from  sands  and 

slimes   ..  ..  ..      33-38  j)er  cent. 

Total         .  .  .  .      ()3- 19 

Tlie    lollowing    figures    trom    the    comjianx's 
Annual   Report,   issued  in   i8i)8.  show  the  rela- 
tive amounts  of  gold  caught  inside  the  mortar 
l)ox.   on   the  apron   ])lates.   and   in   the  riffles  at 
that  time  :  — 

Bullion  from  inside  plates      ib.85()  oz. 
]>iillion       from       outside 

})lates    .  .  .  .  .  .      15.393  oz. 

Bullion  from  plate  con- 
centrates and  mercur\- 
tra])s     .  .  .  .  .  .      30.204  oz. 

Total  for  12  months'  work  f)2.45N  oz. 
The  ore  is  brought  trom  the  lower  bins  oi  the 
sorting  house  to  the  toot  of  a  Keed\'  ele\-ator  in 
the  mill  b\-  Kaffirs.  It  is  lifted  to  the  to})  floor 
of  tlie  mill  in  the  20- ft.  side -tipping  trucks  and 
tipped  into  the  batter\-  ore  bins,  whence  it  is  fed 
bv  Challenge  feeders  to  the  mortar  boxes. 

THE     TAILINGS     PUMP. 

In  tilt.'  large  majontN-  ol  mines  on  the  Rand 
the  tailings  are  lifted  Irom  the  mill  to  the  col- 
lecting \-ats  b\'  internal  l)ucket  wheels,  but  at 
the  Bonanza  the  i>ulj)  leaving  the  battery  is 
raised  to  a  height  of  45  tt.  b\-  a  double  throw 
plunger  pumji,  I2in.  diameter,  with  48in.  stroke. 
.\  pij)e  is  connected  to  the  barrel  of  the  pump, 
so  as  to  prox'ide  a  small  but  constant  supply  of 
water  between  l)arrel  and  jilunger  to  kee[)  the 
grit  away  trom  the  gland.  The  valves  are 
simph'  rubber  discs  resting  uj)on  j^erforated 
seats,  and  these  seats  last  for  about  three 
months.  .A  second  puni))  has  been  -recently  in- 
stalled,   so    that    repairs    can    be    con\-eniently 
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effected  to  pump  or  gear,  without  causins?  loss 
of  time  to  the  mill. 

The  cost  of  such  a  pump  erected  ready  tor 
work  is  about  £875.  while  a  tailings  wheel  for 
the  same  work  costs  from  £1.500  to  £2,000,  so 
that  two  pumps  giving  the  necessary  reserve 
against  breakdowns  can  be  put  in  for  the  same 
monev  as  one  wheel  which  is  entirely  without 
reserve. 

CYANIDE     PLANT. 

The  battery  ]nilp  is  delivered  by  the  pump 
just  described  to  a  spitzlutte  20  ft.  wide.  The 
concentrated  underflow  from  this  apparatus  is 
separately  collected  and  partially  treated  in  some 
of  the  upper  vats  shown  in  the  general  views  of 
the  Bonanza  cyanide  plant.  The  other  upper 
vats  receive  the  remainder  of  the  pulp  which 
overflows  from  the  spitzkasten.  Each  vat  has 
the  usual  slat-gates  for  the  overflow  of  slime  and 
water,  and  the  bulk  of  the  battery  product  is 
caught  in  these  vats,  which  are  24  ft.  in  diameter 
bv  7  ft.  deep  inside.  Both  concentrates  and 
sands  receive  part  of  their  cyanide  treatment  in 
the  upper  vats,  and  are  then  transferred  to  the 
lower  ones,  which  are  of  about  the  same  diameter 
and  depth,  except  in  the  latest  additions,  in 
which  case  the  lower  vats  have  a  greater 
capacitv,  on  account  of  the  greater  space  occu- 
pied by  the  material  after  transfer.  The 
overflow  from  the  sand  collecting  vats  goes  to  a 
spitzkasten  6  ft.  wide,  which  catches  and  returns 
to  the  pump  any  fine  sand  remaining,  and  leaves 
practically  nothing  but  slime  in  the  water. 

THE     SLIMES     PLANT. 

The  slimes  are  sej)arated  by  a  large  spitz- 
kasten seen  at  page  108,  and  are  carried  by  the 
underflow  of  this  apparatus  to  the  slimes  })lant. 
This  si)itzkasten  is  about  31ft.  wide,  13  ft.  long, 
and  7  ft.  deep.  The  clear  water  overflow 
returns  to  the  battery,  and  is  returned  direct  to 
the  mortars. 

There  are  two  rows  of  slime  vats  side  by  side, 
but  at  different  levels,  the  upper  row  being  placed 
at  such  an  elevation  that  either  the  pulp  or  the 
solution  will  gravitate  from  an  upper  to  a  lower 
vat  when  required,  and  also  that  the  decant 
solution  will  flow  to  the  precij)itation  bo.xes 
from  the  upj^er  vats,  which  are  used  for  settling 
and  decantation,  while  the  lower  ones  are  used 


for  puljiing  and  dissolving  only.  Tliese  vats  are 
all  24  ft.  in  diameter,  and  10  ft.  and  8  ft.  deep 
respectively.  They  all  have  stirrers,  which  consist 
of  four  wooden  arms  attached  to  the  lower  end 
of  a  vertical  shaft  driven  by  bevel  wheels 
from  a  line  shaft  over  each  row.  These  vats, 
with  their  gearing,  are  shown  in  the  photo. 

GROWTH    OF    THE    CYANIDE    WORKS. 

These  works  have  been  enlarged  from  time 
to  time  to  keej)  ])ace  with  the  successive  incre- 
ments to  the  number  of  stamps,  and  they  are 
in  consequence  of  this  specially  interesting  from 
a  constructional  point  of  view,  as  they  embody 
the  various  forms  of  construction  in  vogue  at 
the  time  when  each  part  was  added,  while 
retaining  unity  of  design  as  regards  size  and 
disposition  of  vats.  The  variations  in  the 
methods  of  construction  are  seen  in  photo  at  page 
log.  The  original  wooden  vats  are  on  the  left 
hand  side  :  then  there  are  steel  vats  on  timber 
staging,  and  lastly,  on  the  right,  both  vats  and 
framing  are  of  steel  and  iron. 

As  all  the  more  recent  double  tier  plants  have 
been  built  in  this  latter  style,  the  following 
particulars  may  be  useful.  The  foundations 
consist  of  parallel  walls  of  hammer  dressed 
rubble.  2  ft.  wide  at  the  top  and  about  6  ft.  high, 
with  a  batter  of  i  in.  per  foot  on  their  faces. 
The  w^alls  are  4  ft.  apart  at  the  bottom,  so  as  to 
allow  trucks  to  pass  under  the  vats  for  dis- 
charging the  residues.  The  spaces  between  the 
walls  are  spanned  by  rolled  joists  spaced  20  in. 
apart  between  centres,  and  these  directly 
support  the  lower  vats.  Cast  iron  columns 
about  13  ft.  high  and  of  q  in.  diameter  are  placed 
on  suitable  bed  stones  built  into  tlie  top  of  the 
rubble  walls.  The  columns  form  an  irregular 
octagon  around  each  vat,  and  carry  the  main 
girders,  each  of  which  consists  of  two  10  in.  by 
6  in.  rolled  joists,  and  these  are  crossed  at  right 
angles  by  a  series  of  6  in.  by  4  in.  rolled  joists, 
spaced  3  ft.  between  centres,  which  form  the  seat 
for  the  ui)i")er  vats. 

LIME    FEEDER. 

An  automatic  feeding  device  of  an  ingenious 
character,  designed  by  Mr.  P.  S.  Tavener,  is  used 
to  supply  powdered  lime  to  the  slime  water  before 
this    passes    to    the    large    spitzkasten.     This 
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machine  has  a  hopper  for  the  lime,  with  two  feed 
screws  worked  alternatel\-  by  a  rockiiii,^  frame. 
The  frame  carries  a  water  box  at  one  end.  wfiich 
is  gradually  hlled  by  a  small  stream  of  water. 
When  the  box  is  lull  it  jiulls  over  the  rockin,^ 
frame  and  feeds  a  small  quantity'  of  lime  into 
the  slime  launder,  which  passes  under  the  appa- 
ratus. When  the  water  chamber  runs  empty 
again,  a  counterweight  reverses  the  rocking 
frame,  thereby  bringing  the  water  box  back   to 


In  the  )-iroccss  practised  at  the  Bonanza 
the  \-.irious  sludge  and  hue  zinc  products 
resulting  trom  the  clean  up  of  the  boxes  are 
se])aratel\-  mixed  with  suitable  ])ro]:>ortions  of 
old  furnace  slag,  litharge  and  assay  office  slag, 
and  melted  down  in  a  re\X'rberator\-  furnace  into 
lead  bullion,  carrx'ing  al)Out  eight  per  cent,  of 
gold.  This  bullion  is  then  cupelled  in  the 
ordinary  manner,  and  practicallv  the  whole  o^ 
the  gold  and    sih't-r    is    obtained  at  once  in  a 


its  first  ]:)Osition,  while  at  the  same  time  another      saleable  form,  whereas  in  the  several  methods  of 

feed  of  lime  is  given  by  the  second  screw.     But  a      ])ot  smelting  a  j)art  of  the  gold  from  each  clean 

very  practical  point  in  the  feeder  is  that  at  each 

motion  of  the  frame  it  strikes  tlie  ho])per.  and 

thereby  shakes  the  lime  down  to  the  feed  screws, 

preventing    it    from    sticking    together,  and    so 

leaving  a  hollow  space  above  the  screws. 


REFINING    THE    CYANIDE     GOLD. 

The  chiel  jjoint  of  interest  in  the  treatment 
department  is  a  method  ol  dealing  with  the 
])recipitated    gold    sludge     from     tht-    zincdead      uftect  u)ion  man\'  ot  the  separate  items,  especi- 


up  has  to  be  reco\-ered  from  the  slag  by  subse- 
quent oj)erations. 

WORKING    COSTS. 

In  comparing  the  figures  given  l)elow  with 
those  from  other  nnnes  in  the  same  district,  it 
has  to  be  remembered  that  this  mine  is  working 
on  a  much  smaller  scale  than  is  usualh'  the  case, 
and   the   monthh'   tomiai;e   treated   has  a   trreat 


{precipitation  l)Oxes.  which  has  been  successtulh* 
introducetl  bv  Mr.  P.  S.  Tavener.  and  is  likeh'  to 
he  ver\'  largeh"  used  on  other  mines  in  the  near 
future. 

The  method  hitherto  emj)lo\-e(j  on  most  of 
the  mines  has  l:)een  to  treat  the  sludge  with 
sulphuric  acid,  and  then  to  smelt  it  in  plumbago 
crucildes  with  cla\-  liners,  using  manganese 
dioxide  in  the  tfux  to  assist  the  oxidation  ot  the 
base  metals  jjresent.  P)\"  this  nu'thod  some  ol 
the  sih'er  is  also  oxidised. 


alh"  with  regard  to  labour  costs  in   the  several 
dejiartmeiits  antl  general  exjienses. 

The  tollowing  table  exhibits  in  a  concise  form 
not  onl\-  the  separate  costs  of  the  \-arious  de- 
partments, but  also  the  stead\"  reduction  in  the 
total  cost  winch  has  been  effected  throughout 
the  whole  |)eriod  during  which  the  mine  has  been 
worked.  This  impro\-ement  has  l)een  brought 
about  1)\'  judicious  enlargement  of  ])lant  when 
necessarw  ami  the  iiiti'oduction  from  time  to  time 
of   better   ap])lianres   and    methods   ot    working. 


TABLE     OF     WORKING     COSTS,     1896     TO     1901. 
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RETROSPECTIVE 
\ie\v  of  the  naval 
construction  and 
])rogress  made  by 
the  various  Powers 
during  the  past 
year  shows  that, 
generally  speaking, 
the  year's  work 
does  not  compare 
well  with  that  of  tlie  preceding  twelve  months, 
hut  iQOi  was  in  many  respects  exceptional, 
and  in  this  country  at  all  events  the  large 
output  represented  arrears  of  previous  pro- 
grammes ;  moreover,  the  practice  now  generally 
observed  of  laying  down  ships  in  batches  is  con- 
ducive to  unequal  outputs,  quite  apart  from  the 
general  progress  made.  Other  causes  have  been 
at  work.  In  France,  for  exam]:)le,  what  we  ma}' 
call  the  vagaries  of  M.  Pelletan  have  considerably 
tfirown  back  ])roduction,  altliough  it  would  be 
unfair  to  put  all  the  blame  on  the  Minister  of 
Marine,  since  the  Chamber  failed  to  make 
sufficient  i)r(j\-ision  lor  ad\-ancing  the  three  new 
battlcshij)s  which  it  inserted  in  the  programme. 
Both  in  Germany  and  Russia  there  has  been 
steady  progress,  each  Power  completing  a 
certain  number  of  vessels  and  launching  others, 
while  in  both  cases  the  projected  ships  of  this 


year's  estimates  are  important.  In  the  United 
States  something  like  a  year  has  been  lost  in 
discussing  the  design  of  the  new  vessels  of  the 
programme  of  1902-3.  Even  now,  at  the  time 
of  wTiting,  the  contracts  for  the  cruisers  remain 
unsigned. 

Nothing  very  startling  has  been  reported  in 
connection  with  the  minor  navies,  but  their 
output  has  been  quite  uj:)  to  the  normal.  In  the 
tables  we  give  below  full  information  will  be 
found  regarding  the  vessels  completed,  com- 
pleting, and  laid  down  during  the  year. 

GREAT     BRSTAIN. 

Five  battleshijis  iia\e  been  completed  and 
conmiissioned  for  tliis  country  during  the  past 
twelve  months.  These  vessels  were  the  TV;;- 
geance,  of  the  Canopits  class,  commissioned  in 
April ;  and  the  Irresistible,  Bulwark,  London,  and 
Venerable,  commissioned  resjiectivcly  in  Feb- 
ruary, March,  June  and  November  ;  these  vessels 
belong  to  the  Formidable  class.  Si.x  armoured 
cruisers  have  hoisted  the  pennant  ;  four  of  tlie 
Cressy  class,  namely,  the  Aboitkir,  Siiilef, 
Hogue,  and  Bacchante,  commissioned  respecti\X'ly 
in  April,  May,  the  two  last  in  November.  In 
the  same  month  the  Good  Ho/ye,  of  the  Drake 
class,  was  commissioned.  The  Sparliatc,  the 
last  of  the  first  class  protected  cruisers,  is   also 
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Displacement,  7,Hoot„ns;  l.II.R,  .7,000  ;  Speed,  3,  knots.     HellevHle  Boilers.    Thickest 
Armour,  Sin.   Krupp  steel.      Heaviest  Ciuns,  S-in.  quiek-hrers. 
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ready  for  commission,  and,  as  regards  small  craft, 
the  Fantoine  sloop  and  Teal  and  Moorhen  gnn- 
boats  have  gone  into  active  service. 

Two  battleships,  five  armoured  cruisers,  and 
two  protected  cruisers  have  been  put  afloat 
during  the  \'ear,  as  well  as  some  smaller  vessels. 
The  battleships  are  the  Queen,  launched  at 
Devonport  in  March,  and  the  Prince  of  Wales. 
launched  at  Chatham,  in  May.  The  armoured 
cruisers  are  the  Cornwall,  launched  at  Pembroke 
Dock3'ard  in  October;  the  Lancaster,  by  Messrs. 
Armstrong.  \Miitworth  and  Co..  in  March  ;  the 
Benc'ick,  by  Messrs.  Beardmore  and  Co.,  in 
September  ;  the  Donegal,  by  the  Fairfield  Co.,  in 
October  ;  and  the  Cuniberland.  by  the  London 
and  Glasgow  Shipbuilding  Co.,  in  December. 

The  vessels  laid  down,  or  to  be  laid  down 
before  the  end  of  the  financial  year,  and  those 
still  on  the  stocks,  include  five  battleships — the 
King  Edward  VII.,  the  Dominion,  the  Common- 
wealth, the  Hindustan,  and  the  New  Zealand  ; 
nine  armoured  cruisers,  four  third-class  cruisers^ 
two  sloops,  four  scouts,  nineteen  torpedo-boat 


destroyers,  four  tor])edo-lioats,  and  three 
submarines.  The  armoured  cruisers  include 
the  Suffolk,  of  the  earlier  group  of  "  County  " 
vessels,  and  by  the  time  these  notes  are  in  the 
readers'  hands  she  will  probably  be  afloat,  and 
the  battleship  New  Zealand  will  have  taken  her 
jilace  on  the  stocks  at  Portsmouth.  Then  there 
are  the  Devonshire,  Hampshire,  Argyll,  Rox- 
burgh, Antrim,  and  Carnarvon,  the  second  grouj:) 
of  "  County  "  vessels,  all  of  them  laid  down 
during  the  year.  The  remaining  armoured 
cruisers  are  the  Duke  of  Edinburgh  and  Black 
Prince,  of  the  1902-3  programme  recently 
ordered. 

The  third-class  cruisers  are  the  Amethyst, 
Topaz,  Diamond,  and  Sapphire,  the  sloops  the 
Cadmus  and  Clio,  the  scouts  the  Sentinel, 
Forward,  Adventure,  and  Pathfinder  ;  the  torpedo- 
boat  destroyers'  names  have  been  recenth'  given 
in  these  notes,  while  the  torpedo-boats  are 
numbered   114- 11 7. 

There  are  also  in  various  stages  of  com- 
pletion,   and    some    of    them    nearly  ready  for 
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From  Tlw  Xavy  and  Army  Illuslralcii] 

THE    LATEST    GERMAX    SUI'.MARIXE. 
Lcn.Litli,  4i)'2i3  ft.  ;  Dianiclcr,  (y^()  ft.      It  carries   a    sin^c  t.irpecli>,  and  at  a  preliminary 


trial  (if  three  hnur: 


renianieU  alniD-^t  motionless  at  a  depth 
beneath  the  surface. 


if  two  metres 


commission,  six  battleshijjs,  of  tlie  Duticaii  class. 
eight  armoured  cruisers,  two  sloops,  four  torjiedo- 
boats,  and  four  sul)marines.  The  armoured 
cruisers  are  of  three  classes  :  the  Euryaliis 
belongs  to  the  r;r,s\sy  class,  the  Drake.  Lcviatlum. 
and  King  Alfred  are  sisters  to  the  (rood  Hope. 
while  of  the  first  grou})  of  tlie  "  Coiuit\-  " 
vessels  there  are  the  Kent.  Essex.  MdJiiim/i/Ii. 
and  Bedford. 

The  total  numl)er  of  vessels  at  ]>reseiit 
in  hand  is  thirteen  battleshij^s,  t\\t-nt\-tw() 
armoured  cruisers,  six  protected  cruisers,  lour 
sloops,  four  fleet  scouts,  niiu'teen  torpedo-boat 
destrovers.  eight  torpedo-boats,  and  sex-en 
submarines.  The  l)attlesliips  and  armoured 
cruisers  are  gi\-en   in   the   lollowing   list  :  — 


X:iLiic. 
"  \'en,^eance  '"     ... 
"  l')iil\vark  " 
'■  London  '' 
•'  \'eneral)le  " 
"  Oueen  " 

"  Prince  of  Wales  " 
"  Kin.ti  i':tl\vard  \'ll 
"  Dominion  " 
'•  Ctmnnonwealth  " 
"  New  Zealaiul  " 
'•Hindustan" 


i;,\TTl,l'Slll['S. 
iJislil.M  cniCMit.   I.auiullfd. 


1  J,t)50 
15,000 
i  3,000 
15.000 
15,000 
1  5,000 

I  '\55o 
1(1,350 
i'),55o 
i(),350 


I,S,)(, 

iSoo 
iS(,() 
I  Si)., 

\i)02 
11,02 
bid--. 

bld.u. 
bld.ii. 
bld.q. 
bldi>. 


WIk-ic  built. 
l>arrow 
I  )e\  I  iiipi  lit 
I'm  tsiui  lUt'i 
Chathain 
Devonp.irt 
Chatham 
Devonport 
I'>aridw 
K.iirheld 
I'ort-imoiiili 
CKilebank 


X.'uni.'. 
"Aboukir" 

"Sutlej" 

"Bacchante"' 
'•Ho.Liue" 
"Good  Hope  ■■    .  . 

"Drake" 

"  Lancaster" 

•'  I'leru  ick  " 

■'  Done.^al  "■ 

"  Cornwall  " 

•■  Cumber]. ii:d  "   ... 

"Suftolk" 

•'  De\diishii'e  "     ... 

"  Hampshiie  " 

•■.Vr.^vll" 

"  I\o.\bui\L;h  " 

"  .\iitiim  " 

■'  Carn.u'Min  " 

"  Diike  of  iMJinburL;!! 

"  l)lack  I'rince  "... 


Ak.moi'reij    Cruisers. 

Displacement.  Launchc-  I.     Where  built. 


12,000  ...   n)00   ...   Fairtield 
12,000   ...    l8(,i,   ...   Clydebank 
12,000  ...   11,01    ...   Clydebank 
12.000    ..    i()00  ...   liarrow 
14,100   ...    1001     ..    Kairtield 
14,100   ...    1(,01    ...    Pemliroke 
9,iSoo   ...    Ii,02    ...    Elswick 
<;,Soo  ...    i<)02   ...    Ijcardmore 
(),Soo   ...    ig02   ...    Fairtield 
(),Soo  ...    igo2   ...   Pembroke 
(;,(Soo   ...    i()02    ...    L.  andCj.Co. 
I). 800  ...    11,03   ...   Portsmouth 
10,800   ...  bld.ii.  ...   Chatham 
10,800  ...  bld.L;.  ...  Elswick 
10,800    ..  bld.i^.  ...  Greenock 
10,800   ...  bld.^.  ...    L.  and  Ct.  Co. 
10,800   ...  bldi;.  ...    ClN'debank' 
10,800    ...   blil.U-    ■•    L>eardmore 
13,000   ...    pro.     ..    Pemln'oke 
13,000   ...    jii'o.    ...   Thames 
FRANCE. 

'i'hrcc  battleships  lia\-e  been  comj-ileted  and 
commissioned  during  the  past  twelve  months. 
These  \-essels  ai'e  the  Henri  IV..  the  Jena,  and 
the  Saffreu.  Two  armoured  cruisers  have  hoisted 
the  pennant,  the  M laitealin  -dwd  ihc /(■  (Viuc  d\Are , 
and  one  protected  cruiser,  the  Chdteaurenault. 
One  battleshi|i  and  tlnve  armoured  cruisers 
ha\-e  been  launched  tluring  the  year,  the 
lirst  -  naiued      is     the      Republiqiie,     and     the 
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cruisers  are  the  Aniiral  Aiibe.  Condc,  and 
Klcber.  The  vessels  laid  down,  or  still  on 
the  stocks,  are  the  Patrie,  Libertc,  Justice, 
Viritc  and  Democratic  battleships,  four  of  which 
have  only  just  been  begun  :  the  armoured 
cruisers  Jules  Ferry,  Victor  Hugo,  Jules 
Michelet,  and  Ernest  Renan,  of  which  the  last- 
named  is  to  be  re-designed ;  one  protected 
cruiser.  twent3--four  destroyers,  and  twenty 
submarines.  There  are  also  in  various  stages  of 
completion  eight  armoured  cruisers  and  a 
number  of  small  craft.  The  names  of  the 
cruisers  are  Leo)i  Gauibetta,  Dupetit  Thouars. 
Gueydon,  Sully,  the  Gloire  and  Marseillaise,  the 
Desaix  and  the  Dupleix. 

The  total  number  of  vessels  at  present  in  hand 
is  eight  battleships,  sixteen  armoured  cruisers, 
one  protected  cruiser,  twenty-four  destroyers, 
and  twenty  submarine  boats.  The  battleships 
and  armoured  cruisers  are  given  in  the  following 
list  :- 


IISL    . 

Battleship-:. 

N.inie. 

Displacement. 

Launched. 

Where  built 

'•Jena''     ... 

...      12,052      . 

..      1898      .. 

Brest 

"  Kepubliquc   " 

...      14.865      . 

..      1902      .. 

Brest 

■■  Suft'reii " 

...      12.72S 

..      1890        . 

.     Brest 

■■  Henri  IV.' 

...        8,948 

..       1899      .. 

.     C'herbourt 

■  Liberie  " 

...       14,865 

..     bldj:.    . 

Contract 

•■Justice  "... 

...       14,865 

..   bidg.  . 

.    La  Seyne. 

-Verite"   ... 

...      14,865 

..  bldg.  . 

.    Contract 

'•  Democratic  " 

...      14.865 

..  bldg.  . 

.     L'Orient 

•■  Patrie"  ... 

...      14,^^65 

..     bldg.    . 

La  Seyne 

Akmol-reu 

Crliskks. 

Displacement 

Launched. 

Where  built. 

9,5'7     ■ 

1 900 

La  Seyne 

.      10.000 

1 902      . . 

St.  Xazaire 

10.000 

1 902      . . 

.     L'Orient 

7.700     . 

1 902      . . 

Bordeaux 

-t- 

..      bldg.     .. 

Cherbourg 

12.416 

1901      .. 

Brest 

12,416 

..      bldg.     .. 

Toulon 

9.51'''     . 

1901 

Toulon 

9.516     . 

.      1899      .. 

L'Orient 

1 0.000 

igot 

La  Seyne 

i  0,000 

1900 

L'Orient 

.     10, coo 

1900 

Brest 

7.700   . 

T901 

St.  Xa/.aire 

7.700    . 

.     1 900    . . 

Kochefort 

12,550 

.     bldg.    .. 

St.  Xazaire 

12.550 

.     bldg.    .. 

L'Orient 

GERMANY. 

N'anio. 
'Montcalm" 
'  Amiral  Aiibe  "  .. 
'  Conde  "... 
•  Kleber  "... 
'Jules  Ferry  " 
'  Leon    Gambetla 
'  Victor  Hugo  "   .. 
'  Dupetit  Thouars 
'  Amiral  Guevdon 
'Sully" 

"Gloire"       

'Marseillaise' 

•Desai.x" 

'  Duplei.x  ' 

'  Ernest  Kenan  ' 

'  lules  Michelet" 


Four  battleships  have  been  completed  and 
commissioned,  the  Kaiser  Karl  der  Grosse, 
Wittelsbacli,  Wettiii,  and  Zdhriiigen:  one  armoured 
cruiser,  the  Priiiz  Heinrich :  and  one  small  gun- 
boat, the  Panther.  One  battleship,  the  Braun- 
schweig;  two  armoured  cruisers,  the  Prinz 
Adalbert  and  the  Prinz  Fried erich  Carl ;  and 
three  small  cruisers,  the  Frauenlob,  Arkona,  and 
Undine,  012,715  tons,  have  been  launched  during 
the  year.  The  vessels  remaining  under  con- 
struction, including  the  Braunschweig,  are  six 
battleships,  the  others  being  the  Mecklenburg 
and  Schwaben    of    the    Wittelsbach   type,    and 


•  ••     -ftajMrrrar 

9  ,    .r- 


iS" — '  ■•  ■       ^  ' 


IHhk 


J.UA.\Kbli    I'liOTECTKD    CKUISI'.!.:    "  KAS.\G.V. 
Length,  405  ft.  ;    Displacement,  4,784  tons  ;  LH.P.,  15,500  ;  Speed,  22-5  knots  ;  Thickest  Armour,  4^  ins.  ; 

He:iviest  Guns,  8-in.  tiuick'-lirers. 
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three  unnamed  sisters  to  the  Bfainischwets:. 
Includin?^  the  two  named  above,  there  are  three 
armoured  cruisers  in  hand,  the  third  being 
known  as  the  Ersatz  Kaiser  :  there  are  also 
three  coast  defence  battleships  in  i^rocess  of 
reconstruction,  three  cruisers,  of  the  Undi)ie 
t^^pe,  two  gunboats,  and  a  number  of  torpedo 
craft.     German}'  has  also  a  submarine  in  hand. 

B.VITLESHIPS. 

Xame.  Displacement.  LauiKiicd.         WliL-re  built. 

"  Kaiser  Karl  clcr 

Grosse  ■' 11,130  ...  i8()9  ...  Hainhufy 

'■  Wittclsbach  "        ...  ij.ooo  ...  igoo  ...  Wilhclinshavcn 

'•  Wettin  "      12,000  ...  i()Oi    ...  Schichau 

•' Zahrin.yen  "  .  12,000  ...  Kjoi    ..  Kiel 

'•  P)raunsch\vcig''lHi  13,208   ..  i()02   ...  Kiel 

J  13,20s  ...  bldg.  ...  Dant/ic 

K         13,20s  ...  blflg.  ...  Stettin 

L         13.20S  ...  bldg.  ...  Gerniania 

"Mecklenburg"      ...  12,000  ...  njoi   ...  Stettin 

"  Schwaben  "  ...  12,000  ...  upi    ...  Schichau 

Akmoukkd    Crtishrs. 

"  P.  Heinrich  ■'         ...  S,S68   ...    [goo     ..    Kiel 

"P.Adalbert"          ...  8,868   ...    igoi    ...    Kiel 
"P.   Friederich    Carl 

(ersatz.       Ki'mig 

Wilhelm)'"        ...  8,868  ...   ti)02  ...   Hamburg 

"  Ersatz  Kaiser  "     ...  (^,050  ...  bldg....  Kiel 

RUSSIA. 

Three  battlesh.ips  have  l)een  comi)letcd  and 
commissioned,  the  Rolislas,  the  Pohieda  and 
Retvisan,  and  ti\'e  protected  cruisers,  the  Diana, 
Pallada,  Novik,  Boyarin.  and  Bugatxr,  and  these 
vessels,  with  sevL'ral  destroyers,  ha\-e  l)een  sent 
to  the  Far  East.  Two  l)attleships  ha\e  Ix'cn 
launched  during  tlir  year,  the  Orel  and  the  Kiiiaz 
Snvaroff,  and  one  ])rotected  cruiser,  the 
OtchakofJ. 

The  vessels  under  construction,  in  addition 
to  those  mentioned,  are  six  l)attles]iij)s.  one 
armoured  cruiser,  one  (-oast  defence  battleship, 
five  protected  cruisers,  and  thirty-six  destroyers. 
The  battleships  and  armoured  cruisers  are  given 
in  the  following  list  : — 

B.ATTl.KSIIll'S. 
Xaiiic.  Displacciiitiil.     Launched.  Where  built. 

-Pohieda"           ...  12,674  ...  1900  ...  St.  Petersburg  (li) 

"Retvisan"          ...  12,700  ...  n^oo  ...  Philadelphia 

"Oslabia"            ...  12,674  ...  189S  ...  St.  Petersburg  (A) 

"Orel"     i3/>oo  ...  igo2   ..  St.  Petersburg  (G) 

"  Kniaz  Suvaroff "  13,600  ...  1902  ...  St.  Petersbur.ti  (B) 

"^lava" 13,600  ...  bldg....  St.  Petersbur.U  (P.) 

"Kniaz   Potemkiii 

Tavritchesky"  13,600  ...  lyoo  ...  XicolaetY 

"Borodina"        ...  13,600  ...  lyoi    ...  St.  Petersburg  (A) 


Xame.  Displacement.    Launchid.  Where  built. 

"Alexander  111. 

Iinperator  "  ...      13,600  ...   igoi    ...  St.  Pelersbur,iL;"(B) 

■•  Tsarevitch "'      ...      13.110   ...    igoi    ..  Pa  Seyne 

ARMoIKKD    CKtlSEK'. 

"P>a\an"...  ...        7.800  ...    Kjoo  ...    La  Seyiie 

UNITED    STATES. 

Six  l)attleshij)s  ha\"e  l)een  completed  and 
commissioned,  the  Illinois,  Alabama.  Wisconsiji. 
Maine.  Missouri  and  Ohio,  but  no  armoured 
cruisers  have  been  atlded  to  the  commissioned 
list,  nor  ha\'e  an\"  battleshi])s  or  cruisers  been 
launched.  One  ])rotected  cruiser,  the  Des 
Moines,  was  ])ut  into  the  water  in  September, 
and  several  small  craft  ha\'e  been  added  to  the 
Navy. 

The  vessels  under  construction  are  l^attleshij^s 
Georgia,  Neic  Jersey.  ]'irginia.  Rhode  Island. 
Nebraska.  Connectient  and  Louisiana,  the 
armoured  cruisers,  eleven  in  luimber.  are  given 
in  the  list  below  :  — 

P.\TTLESH1PS. 


Name.             1) 

isplacement. 

Launched. 

Where  built. 

"  Maine  " 

12,300      . 

HyO  1 

Philadelphia 

"  Illinois  " 

1  1 -S''^      ■ 

1 8g8      . . . 

Newport  News 

"Alabama"     ... 

11,505      . 

1  8()8      . . . 

Philadelphia 

'•  Wisconsin  "... 

ii>5^T     ■ 

. .       1  8(;8      . . . 

San  Francisco 

'•  Missouri  " 

12,300     . 

..       11)01 

Newport  News 

"Ohio" 

1 2,300     . 

1  QO I       ... 

S;in  Frai-icisco 

"Georgia" 

15.320 

.    bld.u.    ... 

Bath,  Me. 

"  New  Jersey  ". . 

15.3-0     . 

.    bld.ii.     ... 

Quincy,  Mass. 

"  Virginia  " 

I4,')4'^     ■ 

.     bldg.     ... 

Newport  News 

"  l\hode  Isl.md  " 

i4,94<'* 

.    bld.Ll.      .. 

Ouincy,  I\Liss. 

". Nebraska"    ... 

15,320 

..    bid.--.    ... 

Philadelphia 

"  Connecticut  " 

16,000 

.    bld.a.      .. 

New  York 

"  Louisiana  "... 

16,000     . 

.    bid,-.    ... 

Newport  News 

Akmoi'rki)  Cruisers. 

"  California  "  ... 

13,800     . 

.    bldg.    ... 

San  Fr.ii-icisco 

"  West 

\'ii  :j;iiiia  " 

13,800 

.    bid,--.    ... 

Newport  New- 

"  Penn^ylv.lIlia" 

13,800 

.    bldg.    ... 

Seattle 

'Colorado"     ... 

13,800 

.    bldg.    .  . 

Philadelphia 

•■Maryland''    ... 

13,800 

.    bldg     ... 

Newport  News 

'South  Dakota" 

13,800 

.    bldg.    ... 

San  Francisco 

"  Charleston  "... 

MJOO      . 

.    bldg.    ... 

Newport  News 

'•  Milwaukee"  .. 

MJOO       . 

.    bldg.    ... 

San  Francisco 

"  St.  Louis  "    ... 

9,700 

.    bldg.    ... 

Philadelphia 

"  Tennessee  "... 

— 

.    bldg.    ... 

— 

"  Washington  " . 

— 

bld.g    ... 

— 

ITALY. 

With  regard 

to  the 

jther  navies,  the  first  in 

im])ortance  is  Italy,  Although  she  has  not 
launched  any  battleships  during  the  i)ast 
year,  and  has  only  sent  one  armoured  cruiser 
into    the   water,    she    has   been    making    much 
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steadier  progress  with  her  shi])l)ui](hng  pro- 
gramme 4than"was  expected.  The  Benedetto 
Brill  and^the  Regina  Margherita,  both  of  which 
had  been  previously  launched,  have  been 
advanced  considerably  during  igo2,  while  the 
Vittorio  Emaiuiele  and  the  Regina  Elena  are  not 
\et  launched,  but  should  be  shortly  off  the 
stocks.  The  three  battleships  of  last  year's 
estimates  have  been  named  the  Duca  d'Aosta, 
Ditca  di  Genova,  and  the  Duca  degli  Abrnzzi.  It 
is  reported  that  the  Italian  Naval  Budget  for 
1903-4  provides  for  the  laying  down  of  two  more 
battleships  of  the  Vittorio  Emanuele  type  (and 
it  is  possible  that  one  of  these  may  be  named 
the  Roma),  two  torpedo-boat  destroyers,  four 
first-class  torpedo-boats,  two  gun-boats,  three 
submarines,  and  some  auxiliary  vessels. 

BATTLESHU'S. 
Displacement.  Launched 


Xame. 

'•  Benedetto  Brin  "        ...  13,427  ...   1901 

••  Regina  Margherita"...   13,427  ...  1901 

"Vittorio  Emanuele  "  ...   12,624  ■••  bldg. 

"  Regina  Elena  "  ...   12,624  ...  hldg. 

"  Duca  d'Aosta  "  (A)     ...  12,624  ...  bldg. 

"Duca  di  Genova"  (B)..   12,624  ...  hldg. 

"Duca  degli  Abruzzi  (C)   12,624  ...  bldg. 

Armourku  Cruisers. 

"  Francesco  Ferrucio"..     7,400  ...   IQ02 


Whei-e  built. 

Castellamare 

Spezia 

Castellamare 

Spezia 

Castellamare 

Spezia 

Venice 


Venice 


MINOR     NAVIES. 

The  three  chief  vessels  of  the  Austrian  Navy 
which  have  been  before  the  public  eye  during  the 


past  twelve  months  are  given  in  the  table  below. 
The  Arpdd  is  now  nearly  ready  for  commission- 
ing ;  the  Hapsbnrg  has  been  under  trial  with  very 
satisfactory  results,  and  the  Babenberg.  which 
was  launched  in  the  autumn,  has  been  well 
advanced. 

Of  the  two  armoured  cruisers  which  Messrs. 
Ansaldo  have  in  hand  for  the  Argentine  Navy, 
one,  the  Rivadavia,  has  been  launched,  and  the 
other,  the  Mariano  Moreno,  should  be  in  the 
water  early  in  the  present  year. 

Chili  has  bought  from  Messrs.  Armstrong  an 
armoured  cruiser,  the  Chacabiico,  and  a  battle- 
ship is  building  by  the  same  firm  for  this  country. 
It  is  rc])orted  that  this  vessel  will  displace 
12,000  tons,  and  that  a  sister  ship  is  building 
in  the  yard  of  another  British  firm. 


Xame. 
'  Arpad  "... 
Babenberg ' 
■  Hapsburg  " 


■  Rivadavia 
Moreno  " 


Chacabuco'' 
Constitucion 
Libertad  " 


AlSTRI.X. 

Displacement.  Launched. 
8,300      ...      19OI 
8,300      ...      1902 
8,300      ...      1900 


Argentine. 


r,5oo 
■.500 


Chili. 


4,300 
12,000 
12,000 


1902 
bldg. 


1901 
1903 
1903 


Where  built. 
Trieste 
Trieste 
Trieste 


Ansaldo 
.A-iisaldo 


Armstrong 
Armstrong 
Vickers 


JOSEPH     HORNER. 

Treats  of  Plann-Millcrs,  Face-Millers  or  Kotary-Plaiiers,  and  some  Special  Types. 


VIII. — (Conchnh'd.) 


AN    ADAPTABLE    TYPE    OF    MACHINE. 

CoMBix.M'iox  t\j)es  of  jilano-millers  arc  manu- 
factured to  increase  their  range  of  usefulness. 
The  Darling  and  Sellers'  machine  of  this  class  is 
excellently  designed  for  heavvwork,  whether  used 
open-sided,  or  with  the  arm  su])iiorted  by  the 
outer  upright.  The  view  (fig.  i)  will  sutfice  to 
illustrate  its  special  features.  It  shows  the 
machine  arranged  for  ordinary  work,  with  the 
detachable  upright  in  position.  This  can  be 
removed,  leaving  the  arbor  still  supjwrted  at 
its  outer  end  bv  a  sliding  stav  fitting  on  the  arm, 
and  the  machine  is  then  ready  for  open  side 
work,  using  a  horizontal  cutter. 

The  semi  -  parabolic  shape  of  the  arm 
carrving  the  arl)or  stav  ujion  it  are  good  points 
in  this  design,  superior  to  the  usual  methods. 
The  latter  generally  take  the  form  of  a  round  bar, 
in  the  fashion  of  Lincoln  millers,  connecting  the 
head  and  stay,  or  that  of  a  l)racket  sliding  on, 
and  bolted  to,  the  face  of  the  removable  uinight. 
In  the  Darling  and  vSellers'  design,  the  alignment 
of  the  sta\'  is  ensured  l)v  sliding  it  along  the 
arm.  As  the  ^atter  is  hrinl\-  l)olted  to  the 
head,  clamju'd  to  tlie  main  standard,  and 
is  of  the  best  theoretical  torm  lor  with- 
standing the  bending  stress  imposetl  upon 
it  when  used  open  side,  the  result  is  a  \-er\' 
rigid  structure. 

Another   point    is    that    there    are    separate 


counterlialances  for  the  main  head,  and  the  arm 
with  its  stay,  so  that  when  the  arm'  is  removed 
bodih'  for  ojx'ii  side  face  milling,  the  headstock 
is  still  perfectly  in  balance  for  easy  vertical 
adjustment. 

By  a  special  device  seen  on  the  front  side  of 
the  machine,  the  objectionable  and  dangerous 
feature  of  sudden  and  very  rapid  rotation  of  the 
large  hand  adjusting  wheels,  when  the  quick 
power  motion  to  the  table  is  set  in  operation, 
is  absolutely  jirevented.  The  hand  wheel  in 
cjuestion  is  clutched  to  its  shaft,  and  the  clutch 
can  onh"  be  engaged  when  the  belt  operation 
lever  ot  the  power  motion  is  in  its  central,  or  idle, 
position. 

The  gears  are  all  protected  with  hoods,  and 
the  controlling  handles  are  brought  to  the  front 
side  within  easy  reach  of  the  operator.  The 
graceful  outlines  ]>\-  which  the  very  substantial 
build  of  the  inarhine  is  somewhat  masked  are 
noticeable,  as  is  also  the  great  proportion  of 
depth  to  width  of  \\w  bed.  The  machine,  which 
wt'ighs  3  tons,  is  capable  of  milling  a  length  of 
7  It.,  it  will  clear  i  ft.  8  in.  between  standards, 
and  a  deplli  ol  I  It.  d  in.  under  the  cutters,  which 
are  4  in.  in  diameter.  The  cross  slide  will 
jH'rmit  ol  a  cutter  up  to  10  in.  diameter  clearing 
uncU'r  it.  The  cutter  arbor  measures  2}  in. 
diameter.  The  feed  can  be  varied  from  ^  in. 
to  b  m.  per  minute. 
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FIG.    2.       HORIZOXTAL    I'LAXO-.M  I  LLl  XG    MACHIXK 
KEXDAI.I.   AXl)    GEXT,    MANCH  FSTKR. 


THE    CUNLIFFE    AND    CROOM     PLANO-MILLER. 

Messrs.  Cunliffe  and  Croom,  Ltd.,  make  a 
small  piano-miller  admitting  24  in.  between  the 
uprights.  It  is  a  stiff  little  machine  on  standards, 
and  the  spindle  driving  gear  is  exceptionally 
large.  The  sj^indle  has  a  lateral  adjustment 
which  enables  the  cutters  to  he  ])ut  into  position 
after  the  work  has  been  fixed  on  the  table.  The 
table  drive  is  through  worm  gear,  and  a  screw 
with  a  disengaging  clutch.  There  is  an  auto- 
matic disengaging  motion,  aiul  a  (juick  return 
by-power  by  means  of  fast  and  loose  pulleys, 
and  mitre  gears  at  the  end  of  the  screw  at  the 
back  of  the  machine. 


MACHINES   BY    KENDALL   AND    GENT. 

A  machine  by  Messrs.  Kendall  and  (ient,  of 
Manchester,  is  shown  in  fig.  2,  being  a  piano-miller 
with  horizontal  spindle.  This  particular  example 
is  the  smallest  size  made  in  this  type  by  tiie 
lirm,  the  length  which  can  be  milled  being  <>  ft. 
It  is  of  solid  build,  weighing  135  cwts.  Its 
substantial  character  renders  it  specially  suitable 
for  the  work  of  the  locomotive  and  marine 
engineers,  besides  that  of  a  general  class.  Mil- 
ling the  flat  sides  of  links,  the  webs  of  levers 
valve  and  coupling  rods,  is  generally  more 
economical  than  planing  them  Narrow  edges 
are  milled  in  quantity  b\-  arranging  the  pieces 
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FK;.    3.       HEAVY    SI.ABF,I\G    MACHIXE. 
XILES-I5EME.\T    I'OXL)    CO.,    LOXDUX    AXD    U.S  A. 


side  by  side,  and  usintj;-  a  broad  cutter  wide  enough 
to  cover  the  lot. 

The  machine  is  so  designed  that  a  gang  of 
cutters  can  be  used  to  operate  on  work  as  wide  as 
the  table  at  one  traverse.  The  two  adjustable 
brackets  on  the  cross  slide  permit  of  variation 
in  the  length  of  cutter  arbors,  and  afford  them 
ample  support  at  the  intermediate  position,  as 
well  as  at  the  end.  A  three-speed  conr  pullcw 
with  back  gears  provides  six  speeds  to  the 
s])indle.  The  cross  slide  is  raised  and  lowered  b\- 
the  cross  handle,  in  ])]aiiing  inarhiiic  lasliion.  and 
is  counterbalanced,  portions  ot  the  supporting 
pitch  chains  being  seen  behind.  There  are  six 
feeds  to  the  table,  which  is  screw  drixcn.  Tlie 
rates  of  feed  are  read  off  on  an  index  ])ulle\ .  A 
vertical  spindle  attachment — seen  on  the  ground 
— fits  on  the  cross  slide,  to  l)e  used  lor  edge 
milling. 

AMERICAN     DESIGNS 

American  designs  art'  numerous  in  this  t\'[)e  ol 
machine.  IHustrations  '  hgs.  3  and  4^1  of  the 
productions  oi  the  amalgamated  Niles-Bement 
Pond  Comjxun-  are  given.  Another  firm  making 
a  speciality  of  these  heavy  tyjies  is  that  ot 
Beaman  and  Smith,  of  Pros'idence,  K.l.  These 
are    manufactured    with    spindles    ranging    in 


number  from  one  to  four.  Some  have  two 
housings,  some  are  open-sided,  others  have  one 
housing,  removable  at  pleasure. 

A  favourite  form  of  open-side  machine  by  this 
firm  is  that  in  which  an  upright  is  bolted  to  one 
side  of  the  bed.  Upon  it  slides  the  overhanging 
arm,  its  vertical  adjustment  being  provided  by 
a  screw  which  is  supported  on  a  ball  bearing.  A 
saddle  has  horizontal  movement  along  the  arm, 
automaticalh'  fed  in  or  out  with  a  stop  for  each 
direction  of  mo\-ement.  The  spindle  is  carried 
in  a  head,  adjustable  vertically.  The  driving 
power  is  derived  from  a  four-stepped  cone 
thnnigh  back  gear,  j^roviding  six  cutter  speeds — 
from  10  to  114  revolutions  ])er  minute — suitable 
tor  cutters  ranging  from  12  in.  to  1  in.  diameter. 
The  table  feed,  which  is  screw  driven,  ranges 
from  I  in.  to  S  in.  ]icr  minute,  for  any  speed  of 
the  s])in(]le.  The  feed  of  the  saddle  which 
carries  the  spindle  head  is  from  about  i  in.  to 
4  in.  ])er  minute. 

Another  open-side  machine  carries  two  vertical 
spindles,  each  with  independent  vertical  and 
cross  adjustments.  The  arm  has  vertical  adjust- 
ment by  a  screw  with  a  graduated  dial.  In  other 
cases  the  overhanging  end  is  supported  on  a 
l)racket,  or  housing. 
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VU..    I.      I'LAXO-MILLEK,    WITH    OUTER   STANDARD   AND   STAY    1\    POSITION'. 
DARLING   AND   SELLERS,    LTD.,    KEIGHLEY. 
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A     MACHINE     THAT     MILLS    EIGHT     FACES 
SIMULTANEOUSLY. 

A  very  special  millint^  machine  is  illustrated  in 
fig.  5,  by  Messrs.  John  Herherington  and  Sons, 
Ltd..  of  Manchester,  designed  for  the  London  and 
North-Western  Railway  Co.,  for  finishing  at  (jne 
oj^eration  eight  faces  on  the  quadrants,  one  of 
which  is  seen  on  the  ground.  It  will  he  observed 
that  one  of  the  heads  is  carried  on  a  hinged 
swinging  t)racket,  which  is  thrown  open,  as  seen 
in  the  illustration,  wlien  the  work  is  being 
inserted.  'I'hc  cpiadrant  to  l)e  tooled  is  grij)i)e(l 
in  a  chuck  on  the  rising  and  falling  table,  this 
motion  being  impartecl  tor  the  feed.  The  act  ol 
closing  up   the  swinging   hont   brings   the  be\"el 


wheels  into  gear,  so  that  all  the  cutters  oj^erate 
at  once.  The  self-acting  feed  being  also  put  in 
the  casing  is  fed  a'jainst  the  cutters. 

The  advantage  which  such  a  machine  pos- 
sesses over  a  ])]aner.  shaper  or  slotter.  lies  not 
only  in  the  fact  that  so  many  faces  are  being 
tooled  simultaneously,  but  also  in  the  uniform 
size  and  shape  of  all  tlie  castings  operated  on. 

m:i.ling  on  a   planer. 

Not  much  has  \)vvu  done  as  yet  in  adding 
milling  ap])liances  to  other  machines,  though 
various  machines  are  designed  to  combine 
milling  with  drilhiig.  boring,  or  turning.  The 
Adams   Company,    of    Dubucpie,    Iowa,    ha\'e    a 
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FIG.    5.      SPECL4L   MILLING    MACHINE    FOR    SIGNAL   rjUADKAXTS. 
JOHN    HETHEKIXGTOX   AND   SONS,   LTU.,   MAXCHESTER. 


fitting  which  can  be  attached  to  any  planer, 
converting  it  into  a  true  milling  machine, 
capable  of  doing  even-thing  that  can  be  put  on 
a  plain  miller. 

The  machine  comprises  two  brackets  which 
fit  on  the  planer  cross  rail,  one  of  which  carries 
the  spindle  and  its  dri\-ing  gear,  the  other  the 
tail  support.  The  operating  gears  are  belted 
from  a  countershaft  distinct  from  that  of  the 
planer.  The  spindle  can  be  swivelled  anywhere 
from  vertical  to  horizontal,  and  a  belt  tightening 
device  takes  up  or  lets  out  slack  to  suit  the 
different  positions.  The  change  from  planing 
to  milling,  and  vice  versa,  can  be  made  in  a  few 
minutes,  so  that  the  proper  work  of  the  planer 
IS  not  stopped  for  any  length  of  time  b}-  the 
rigging  up  of  the  milling  head.  There  is  also 
the  advantage  that  work  can  be  roughed  out 
bv  one  method,  and  finished  bv  the  other  when 


desired,  without  ha-ving  to  reset  it  on  different 
machines. 

One  of  the  later  developments  in  milling  is 
that  of  cutting  worms  and  screvi-  threads  in 
machines  of  special  construction.  These  have 
some  advantages  over  single  cutting  tools,  but 
can  onl}"  be  utilised  economically  when  there  is 
a  constant  run  of  this  class  of  work. 

CONCLUSION. 

We  have  now  traced  the  growin  01  i.'i-:  milling 
machine  through  many  phases,  from  the  original 
Lincoln  of  light  construction,  employed  only  in 


some  special  industries,  ""  '^ ' 
t\'pes  which  are  now  m< 
engineers'    shops, 
doubt  that  many  o;..  :    .   .  .. 
out  of  these,  as  the  practice 


'"''•erse  and  hea\'y 

•;  in  all  modem 

•    the    shghtest 

J  j.ients  wnD  grew 

of  milling  grows. 


and  as  firms  sp)ecialise  accordingly. 


ELECTRIC  POWER 

AT    THE 


E  KOLAR  GOLD    FIELD. 


A.  MERVYN  SMITH. 

Tliis  paper,  describing  in  detail  the  largest  electric  installation  in  the  world   fur  mining   purposes,   is  reproduced  by 
the  courtesy  of  the  Institution  of  Mining  and  Metallurgy,  with  many  original  illustrations. 


VHE   Kolar  Gold   Field  is  situated   in  purpose  of    testing    the    capabiHties    of   the    river    under 

native  territory    on    the     Mysore  juiiiiiuum    conditions    showed    th.U    water    suliicient     to 

plateau.  South    India.     At  present  generate   .'^,000  h.p.  throughout    the   vear  was   available, 

there  are  eleven  gokl  mining  com-  The  services  of   Capt.de   Lotbeniere,  a    Royal    Engineer 

l>aihes    at  work,  all    having   their  ollicer  in  the  employ  of   the  Government  of    India,  were 

directorate  in  London  ;  10,500  h.p.  borrowed  to  eLd^i  irate  a  scheme,  and   he  was   deputed  to 

i>    required    ti  ■   work  the  different  visit  Kngland  to  confer  with  Professors  Unwin  and  Forbes, 

engines    in    use  on   the    lielcK,  and  the    well-known    scientists,    to    whom    all    details   of    the 

to      get     the      necessarv      energy,  hvdr.uilic     and     electrical     plants     were     submitted    tor 

igcooo  tonsof  fuel— chiefly  coal— aie  consumed  annuall\,  approval. 

costing    _£."J3o,000.     There  are  3'ib  boilers  (2 1()  in  use)  on  The  supply  and   erection   of   the   machinery  was   given 

the   fields,  and  the  lirst  cost  of  these,   with   the   nece-sary  to    Messrs.    Escher,    W'yss  and  Co.,  Zurich,  Switzerland, 

housing,  tall  chimneys,  etc.,  runs  up  the  cost   of  engine-  the    electrical    plant  and   its  erection   being  entrusted    to 

power,  worked   bv  steam,  to  more  than  ^^^30  per  h  .p.  the    (jener.il    Electric    Company    of   New    York,    I'nitcd 

Mysore  has  no  coal-iields  (jf  its  own,  so  that  the  mining  States,    who    also    arranged    t<:)    maintain  and    work    the 

companies  have  to  import  from   Singerini— fioo  miles   by  electiac    install. itioii    n  ir   twelve   months  after   their   com- 

rail— or  from  Barrakar,  in  liengal — 400  miles  bv  lail  and  pletion. 

1,000  miles  sea  pass.ige.  The  C.uivery  rivei-  is  one  of  the  largest  in  South    India, 

il  Mysore  has  not  get  energy  locked-up  in  the  shape  of  it^  length  being  about  470  mile^.     .\.bout   :!00  miles   fi-oni 

coal,  she  has  it  in  two  of  the  tinest  waterf.dK  in    indi.i —  its  source  it  divides,  fdrming  an  island  three  nnles  Idug 

the   Gersoppa    Falls,  cjoo  ft.  hiuh    and  a  (.lu.irter  of  a  mile  antl  three-quarters  of  a  mile  wide.     The  river  here  has  a 

wide;    the    Canvery    FalK,    450ft.    high   .ind   h.dfanhle  northerly  course,  and  about    h.ilf-a-mile    from   the    north 

wide.     The    first-named    falls    are    JOO    miles    from     the  end  of   the    isl.md   the    river    makes    a    rapiil   descent    ol 

mine^,  and  are  situated  in    mountainous   country  dilhcull  about    450   ft.   in    Ua\\    its    bi-anches.     Like    uKpst    Indi.ni 

ol  aiiproach  with   liea\-y  macliiner\-.     The   Cau\er\-  Falls  ri\ers,  the   C.niveiy   biini^s   down    enormous    \iilumes   of 

are  i>nl\-  o-  mile--  Irom  Kol.u,  and  offei'  no  gieat  ob^t, teles  water  during  the  rain^  from  [une  to  October,  as  nuich  as 

to  the  transit  ol   heavy  machinei'\-,  and    it    is    from    thc-e  251), 000  eubic  U'ct  pei"  secoiul  being  gauged  in  llood-time . 

lalls  that  the  powei'  is  generated  aiul  Ir.insmitted  to  work  During  the  dry  months,  .^L^rch,  April  and  May,  the  water 

the  electiic  inotois  in  use  at  the  Kolar  (iukl  Mines.  i--  onl\-  .1  fr.iction.d   p.nl  of  this.     The  rivei'-works  above 

'ihe    Iv.tj.d)    of    .Mysore — a   Iribut.n-y    Chief    under    the  Ihe  "intake"  .ne   shown  in  Plate    I.,  and    consist   of   two 

Jhitish  (!o\ernment— owns  the  Kol.ir  Gold    l''ield,  u  liich  low    level    diveiling  d.nns  :    The   upper    dam   diverts    the 

is  leased   to   various    English  companies,  wlm  \^.w  him  ,1  w.iter  from  the  e.i^li.-iii   br.nich    into    Ihe   western,  where 

roy.iltv   ol    5   per   cent,   on  all    Ihe    gdid    produceil.      La^t  another  dam  ili\ert>  this  jdint  supph'  intc  ■  a  diafl  channel 

yeai-   he   received    /jj5,joo   bv   u.iy   <.f    ro\.Lll\  ;   iIr-    tot.d  le.iding   to    the    sluice-.i^.ites    at    the    head    of    the    suppK 

amount    received    since    the    mines    were    st.uled    being  (.h.innels. 

£715,700.  The  he.ul-sluice  on    intake  is  situated   about   two  miles 

CAUVERY     POWER     SCHEME.  •''"""'  "'''  '■'"'■  •""'  ^'""■'i"^  '^  ^^-'"^  4^  fh  bv  5  ft.  (four  tO 

each   ch.unieh,  with  ri^mg  shutters,  and    is  ll.uiked  by    a 

The  gold-mining   industrv  li.ivin-    proved    so   lucrative  scouring    sluice    h.iving   lour    vents    of    sinhl.u-    dimeii- 

to  the  State,  the  n.itive  .advisers  (.f   the  R.ijah  were   astute  sions. 

enough  to  see  that,  if  the  motive  jower  g.,ing  to  waste  in  The  two  channels,  e.ich  of  sulficient  capacity  to  suppiv 

the   province   could   be   bnaight    to   do    the    work    ol    the  he  turbine^,  are  ;,!  miles    in    length.     The   grades  of   the 

costly  coal  in  use,  at  a    less   cost,   the    nhning   comp.niie-  channels  aie  1  in  5,000  lor  e.u'th, and  :;   in    5,003  for    rock 

would  be  glad  to  get    it,   and    the   revenues   <,f   the    Iv'.ij.di  sections,      i'lales  I'l.  and  III.  show  the  channels  in  earth 

would  also  benelit.      Hence  the  Caiiveiy  Power  Scheme.  .and  rock  sections  respectively.     The  normal  depth  of  the 

A    series    of    .gauging    ..peratioiis    carried    out   lor    the  water    is    5    ft.,  and    from    trials  made  in  May,   iyoj,  the 
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PLATE  I.      LOW  LEVEL  DIVERTING  DAMS  AXD  HEAD  OF  CHAXXEL  IX  RIVER  CAUVKRV, 


PLATE    II.      SUPPLY  CHAXXEL  IX  EARTH  CLTTING. 
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PLATE   III.       SlTl'LY  CH.\X\I-L   IX    IsOCk'  CIT1'IX(,. 


PLATE  IV.      GENERAL  VIICW  OF  POWER   IK  )rsE,   PEXSTOC  KS  AXD  TK  \XSM)KJ[ER  STATIOX. 


Electric  Power  at  the  Kolar  Gold  Field. 


capacity  is  abtnit  400  cubic  feet  per  second.  Ample 
provision  is  made  in  the  banks  of  channels  by  way  of 
escape-weirs  to  meet  emergencies. 

Plate  IV.  shows  hydraulic  house,  transformer  station 
at  top  of  bluff,  and  three  penstocks  leading  from  P'orebav 
to  hydraulic  house. 

The  Forebay  at  the  tail  end  of  the  channels  is  situated 
at  the  brow  of  the  bluff  900  ft.  from,  and  about  400  ft.  above, 
the  hydraulic  house.  Iron  grids  intercept  all  leaves  and 
other  floating  matter  which  may  have  fallen  into  the 
water  during  its  three-mile  course  down  the  river.  A 
separate  chamber  with  double-geared  gate  contains  the 
main  valve  at  the  end  of  each  of  the  three  penstocks. 

The  penstock  pipes  shown  in  Plate  VI.  are  of  riveted 
steel,  :^  in.  to  ^  in.  thickness.  They  are  45  in.  wide  at  top 
and  36  in.  at  the  lower  end.  Expansion  joints  and  anchor- 
age is  provided  at  three  points  on  the  steep  hill-side. 

The  pipes,  w-hich  are  above  ground  for  about  four-fifths 
of  their  total  length,  being  carried  on  substantial  masonry 
piers  15  ft.  apart.  Each  penstock  pipe  bifurcates  at  its 
lower  end  and  serves  two  Pelton  wheels  of  1,000  h.p. 
each.  Five  of  these  wheels  are  in  constant  use,  the  sixth 
being  held  in  reserve.  Plate  VI.  shows  penstocks  in 
course  of  erection.  The  main  valves  on  the  penstock 
intakes  are  balanced,  and  will  close  automatically  should 
a  pipe  burst  at  any  point  in  the  line  below  them.  A 
separate  lo-in.  pipe  carries  the  water  from  Forebay  to 
the  governor  mechanism  at  the  water-wheels  in  hydraulic 
house. 

The  makers,  Messrs.  Escher,  Wvss  and  Co.,  of  Zurich 
guarantee  for  the  turbines,  as  follows  : — 

1,250  brake  h.p.  at  the  coupling,  with  37  cubic  feet  of 
water  per  second,  the  effective  head  at  wheel  being 
3JSJ.1  ft.  The  turbine  or  wheel  is  of  the  Pelton  type,  60  in. 
diameter,  with  an  automatic  governor  of  special  con- 
struction. 

Efficiency  : — 75  per  cent,  for  full  gate. 
„  70  per  cent,  for  half -gate. 

The  nozzles  are  those  of  the  type  known  as  crocodile- 
jawed. 

Railway  communication  exists  to  within  28  miles  of 
site  of  hydraulic  works.  Some  of  the  heavy  pieces  of 
the  machinery  weighed  six  to  eight  tons. 

TRANSMISSION     TO     KOLAR. 

The  distance  from  the  falls  Uj  the  Kolar  Gold  Field 
is  92  miles.  About  500  tons  of  copper  wire  were  required 
for  the  transmission  and  distribution  wire.  The  trans- 
mission to  Kolar  is  effected  by  two  parallel  lines  60  ft. 
apart.  There  are  three  wires,  Xo  0,  B  and  S  gauge,  on 
each  line,  40  in.  apart,  forming  an  equilateral  triangle. 
The  apex  of  the  triangle  is  the  top  of  the  pole  and  the 
two  lower  wires  are  carried  on  a  cross-arm.  The  poles 
are  130  ft.  apart,  and  the  lower  wires  are  20  ft.  above 
ground.  A  telephone  wire  is  carried  on  a  separate 
cross-arm  6  ft.  below  the  main  wires.  Plate  VII.  shows 
ihe  transmission  line  in  course  of  erecticjn. 

The  maximum  len.gth  of  span  at  river  crossings  is 
525  ft.,  and  in  all  river  crossings  the  wires  are  spread  out 
hDrizontally  to  ft.  apart,  and  are  carried  on  special  pole 
structures  shown  in  Plate  VIII.  When  crossing  rivers, 
railways,  and  telegraph  wires,  a  cable  of  silicon  bronze  is 


substituted  for  the  ordinary  copper  wire.  Transposition 
of  the  main  line  wires  is  made  three  times  in  the  total 
length  of  92  miles,  in  order  to  obviate  induction  and 
lessen  impedience. 

Each  line  of  three  wires  is  of  sufficient  capacity  to 
transmit  the  full  power  at  increased  potential,  to  meet 
emergencies  in  the  way  of  breakdown  of  lines  or  repairs  ; 
but  (H-dinarily  both  lines  will  be  used  for  transmission, 
each  carrying  half  the  current.  The  poles  supporting  the 
transmission-lines  are  of  Jarrah  wood,  specially  imp(»rted 
horn  Australia.  The  lower  portion  of  the  pole  consists  of 
a  steel  pipe  13  ft.  lon.g,  of  which  7  ft.  are  embedded  in 
the  ground.  Into  this  fits  a  Jarrah  pole,  7  in.  square  and 
29  ft.  in  length.  The  insulator.s  used  are  imported  from 
Italy,  and  consist  of  a  fine  petticoat  of  porcelain,  sup- 
ported on  steel  pins  set  in  Portland  cement. 

ELECTRIC     GENERATING      STATION. 

Plate  IX.  shows  the  electric  generating  station  at  the 
falls.  The  generators  are  three-phase  alternators  with  a 
revolving  field  and  stationary  armature.  The  rated  output 
is  720  kilowatts  ;  the  frequency  25  cycles,  speed  being  300, 
and  voltage  2,200.  The  excitation  for  the  fields  of  the 
alternators  is  supplied  from  two  independent  75  kilowatts 
exciters,  separately  driven  by  two  small  turbines  of  type 
identical  with  the  main  wheels,  the  speed  bein.g  465. 
One  complete  unit  and  one  exciter-set  forms  the  reserve 
as  regards  generating  plant.  The  cables  conducting  the 
current  from  the  power  house  are  lead-coated,  and  are 
carried  on  stone  shelves  within  an  enclosed  masonry 
passage  or  duct  up  the  face  of  the  bluft'  to  the  trans- 
former house,  where  the  voltage  is  raised  from  2,200  to 
30,000  (the  line  potential)  by  means  of  static  transformers. 
These  are  twelve  in  number,  each  of  400  kihnvatts 
capacity,  in  four  blocks  of  three,  one  of  which  forms  the 
reserve.  Air  blast  for  cooling  the  transformers  is  supplied 
by  electrically-driven  direct  coupled  blowers,  through 
an  air-chamber  immediately  under  the  transformers. 
There  are  similarly  driven  air-compressors,  fannin.g  air 
60  lb.  pressure,  for  blowing  out  dust  that  may  settle  on 
the  apparatus. 

TRANSFORMER     HOUSE,     KOLAR. 

On  reaching  the  Kolar  tioldlield  the  double  trans- 
mission line  enters  the  transformer  house  situated  on  the 
Champion  Reefs  Mine.  This  is  a  two-storey  structure, 
88  ft.  by  34  ft.,  and  30  ft.  high  above  the  main  operating 
floor,  and  with  a  basement  9  ft.  high.  The  six  high- 
tension  wires  are  each  connected  to  the  line  of  panels, 
equipped  with  two  sets  of  switches,  and  from  these 
switches  the  lines  are  connected  to  a  set  of  bus-bars 
strun.g  the  entire  length  of  the  buildin.g.  From  these  the 
connections  are  taken  to  four  groups,  each  of  three  high- 
tension  transformer  panels,  all  eighteen  p.mels  being 
located  in  the  gallery  11  ft.  above  the  main  operating 
floor.  All  panels  are  equipped  with  snap  switches  aiul 
operating  levers  from  oil  switches,  which  l.iller  art- 
located  in  a  fire-proof  chamber  under  the  .^.tilery.  This 
chamber  is  separated  from  the  main  oper.iling  floor  by  a 
brick  wall,  through  which  the  high-tension  wires  arc 
carried  on  soap-stone  and  porcel.iin  insulators.  From 
the  oil  switch  chanfliers  the  leads  arc  brought  in  group.-. 
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of  three  ti)  the  lii,i;h-leiisi()n  sets  of  step-down  trans- 
formers. Tlie  lii^h-teii^ion  windin.ii's  are  de<i.L;necl  for 
Jf),i()()\()lts  potential,  and  llie  low-tension  windin.^s  for 
J, 300  volts. 

Each  of  the  twelve  transformers  has  a  capacity  of 
_^30  kilowatts,  at  (jo  per  cent,  j-iower  factor.  The  total 
kilowatt  capacity  of  the  switch  station  is.  therefore, 
4,200  kilowatts  ;  hut  as  only  nine  out  of  the  twelve  trans- 
f(M"mers  arc  expected  to  be  in  operation  at  any  1  me  time,  the 
working  capacity  is  3,100  kilowatts,  or  4,222  h.p..  leavinLj 
1,030  kilowatts  in  reserve.  The  transformers  are  ot  the 
air-blast  type  developed  by  the  General  Electric  Company 
of  New  York,  of  which  there  are  in  actual  service  in  the 
Tnited  States  and  other  countries  on  the  ist  May,  kjoo, 
over  200,000  kilowatts  capacity. 

The  air  circulation  through  the  transformers  is  pro- 
vided for  by  a  supply  of  two  iSo-in.  blowers,  operated  by 
7',  h.p.  three-phase  induction  niotoi's.  One  of  the  above 
blowers  is  sutficient  to  p''ovide  air  circulation  lor  the 
entire  installation  of  transformers,  the  second  standing  in 
reserve.  The  secondary  leads  for  the  transformers  pass 
down  through  the  air  duct,  which  also  forms  the  founda- 
tion for  the  transforiners,  ami  are  carried  through  the 
foundation-wall  into  the  basement  and  along  the  ceiling 
of  this  t< )  the  low-tension  (jil  switches,  which  are  operated 
from  transformer  control-panels  placed  on  the  main 
operating  Boor.  The  switches,  which  are  located  in  the 
basement,  are  handled  b\'  le\ers  placed  on  the  ^witch- 
hr.ard  panels.  In  addition  to  these  levers,  each  of  the 
transfoi-mer  panels  contains  ammeters  to  .gi\e  indications 
of  the  work  performed  by  each  group  of  transfctrmers. 

The  leads,  after  passing  through  the  oil  switches  and 
instnnnents,  are  coimected  to  a  set  of  low-tension  bus- 
bars, from  which  coimections  are  taken  to  the  various 
feeder-panels.  Each  mining  property  has  a  separate 
feeder-panel  to  its  outgoing  leads,  each  panel  is  equipped 
with  an  oil-switch  recording  and  indicating  wait  meters, 
and  an  additional  ammeter  for  tliose  circuits  which  carr\' 
synchronous  motors.  \',y  this  arrangement  a  complete 
lecord  can  be  carried  of  the  work  performed  in  kilowatt^ 
during  .mv  given  periotl  oi'  foi-  instantaneous  1  ibservalii  ms, 
,111(1  the  power-factor  ol  the  synchronous  motor  circuits 
can  be  obtained  at  aii\'  time. 

From  the  teedc!'  i^anels  the  circuits  are  cairied  through 
the  basement  into  a  low -tensi(  m  distribution  wire  lower, 
forming  a  part  oi  the  main  building  on  the  ea~t  side, 
where  provision  has  been  made  for  doubling  the  present 
cap.icitv  of  the  st.ition.  Ivight  leeders  extend  iioitli,  ei.L;l)i 
south,  and  eight  west.  l"2ach  of  the  feeder  circihls  con- 
sists of  three  wires,  making  a  tcjtal  pro\ision,  therefore, 
f<ir  72  wires  leaving  the  station.  'I'lie  si/e  of  these 
wires  varies  from  -4(10  in.  to  323  in.,  dependin.L;  upon  the 
distance  tiansmitted  .mil  the  amount  of  woik  to  be 
peiMoiiiied  by  each  feeder.  The  station  is  equijiiu-d  with 
one  5-li.p.  air  compressoi'  and  t. ink— all  the  apparatus  to 
be  cle.med  by  compressed  air  100  lb.  ]iressure  pipe 
connections  being  laid  thi-ou,L;h  the  entiie  building  to 
convenient  points  loi-  coimections  to  cleaning  hose.  To 
facilitate  the  handling  ot  heavy  apparatus  a  hancbpouei- 
crane,  capable  of  lifting  10  tons,  is  jilaced  close  to  the 
rafters.  The  heaviest  piece  ot  apparatus  is  the  trans- 
former,   which    weighs    12,7701b.       in    the   basement   is 


located  all  the  low-teusion  wiring,  oil-switches,  blowers, 
and  air-receivers.  'J"he  si.ition  is  lighted  by  incandescent 
lamps,  operated  through  transformers  from  the  main 
transmission  station. 

SWITCHBOARDS. 

These  are  all  built  on  heavy  j-iolished  blue  \'ermont 
marble  supported  on  an.iile  li'ons  with  nickel-plated  bolts. 
The  instruments  and  other  work  are  tinished  in  dark 
oxidised  copper,  the  whole  presenting  a  handsome 
appearance  combined  with  the  greatest  attainable  utility 
foi-  the  complete  and  easv  control  of  each  section  of  the 
extensi\e  distribution  system. 

DISTRIBUTION     CIRCUITS. 

The  poles  suppi>rting  the  wires  are  of  the  s.une  general 
construction  as  the  main  line  between  the  C.iuvery  F.Uls 
and  the  tjoldtield,  except  that  they  c.irry  four  cross-arms 
each  with  six  wires.  The  lower  half  consists  of  a  7-ft. 
steel  jiipe,  13  ft.  long,  wei.ghing  300  lb. ,  and  the  upper 
half  consists  ot  a  7-in.  woikIch  pole,  sawed  sijuare,  17  ft. 
long,  with  21  in.  of  the  lower  end  rounded  and  pressed 
into  the  iion  socket.  The  cross-arms  are  made  oi'  te.tk 
specially  selected  to  stand  the  heavy  wire  strain.  'J'he 
insulators  are  of  the  three-petticoat  type. 

For  the  present  installation  seven  feeders  go  north 
from  the  station  to  the  properties  of  Xundydroog, 
Oriental,  Coromandel,  P)alaghat,  Gold  F'ields,  Xine  Keefs 
and  Road  Block.  On  the  east  the  feeders  extend  to  the 
Ooie.gaum  propeitw  and  south,  one  circuit  for  Champion 
K'eef,  and  three  cii'cuits  for  the  ^Nlvsoie  iiroperties.  The 
main  line  for  the  distributirm  runs  verv  nearly  north  and 
south,  ci'ossiug  the  Madras  l\ailwa\',  on  the  FSalagh.it 
liiT)iiert\',  with  branch  lines  also  crossing  the  r.iilway  on 
the  M\sore,  Champion  Keef,  Ooregaum  and  Xuiuhclroo;; 
l^roperties.  The  total  weight  of  copper  for  the  dis- 
tribution svstem  is  iS2,300lb.,  exclusive  of  the  wire, 
connecting  sleeves  and  other  details.  F'our  huiulred 
poles  .ue  required  to  co\er  the  entire  field. 

.\ll  motors  of  200  h.p.  and  smaller  sizes  are  of  the 
induction  t\pe,  without  an\'  brushes,  collectors  or  com- 
mut.itors  to  t.ike  care  of.  .Sizes  of  200  h.p.,  130  h.p.,  .mil 
100  h  p.  arc  wound  tor  2,oSo  volts,  connected  directU  I" 
the  distribution  mains,  ,ind  all  siiudler  motors  are  wound 
for  J20  \olts,  with  sm.dler  step-tlow  n  tr.insformers  used 
between  the  distribution  mains  and  the  motors.  In  oi\!er 
to  secure.'  the  needed  \ariable  speetls  a  i  heost.it  is  pi, iced 
ill  the  arm, dure  circuit,  the  control  of  which  is  etiectetl 
b\-  ,1  simple  iilo\emeiit  of  a  le\ei-like  electric  street- 
c,u"  controller, 

.\ii    induction    motor    is     composetl    of     two    priiicip.il 
parts:      ist.   The   st.itor,  i,r  st.itionary  part,  which    h,is   it-- 
winding  connected    to   suppiv   circuits.     2iul.   'i'he   rotor, 
or  revolving  p.ut,  with   its    shaft  and  pulley  supportecl   on 
two  or  more  be.irin.i^',  and  this    wiiulin^   is   either  closed 
upon  itself  (short  circuitcdl  or  closed  through  extern. il  or 
intern, il  resistances     this   winding  receiving   its    curieiil        ^ 
inductively,     having      no     other      connection     with     the        | 
st,itionarv  wiiuling.     The  electro-motive  force  induced  is       | 
ol    low  potential,  in   many  cases  only  a  lew  volts,  but  the       { 
current  is  high  in  amperes.     The   .absence   ot   brushes  or       j 
coininut.itors,  which  are  so  prominent  in  the  usual  direct-       { 
current    machines,  m.ikes   the    motor    look   as    if    it    were       I 
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PLATE  V.      PENSTOCKS  LEADING  FROM  FOREBAY  TO  HYDRAULIC  HOUSE. 


PLATE  VI.      PENSTOCKS  IN  COUKSE  OK  ERECTION. 
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only  a  mass  of  iron  with  a  few  copper  bars  tliat  revolved, 
developinji  hundredsof  hoise-powcr,  whicli  with  a  steam- 
engine  and  boilers  wmild  require  a  huikUn.s^  many 
times  the  si/e,  together  with  the  large  and  complicated 
machinery,  and  a  large  staff  of  skiik-d  mechanics  to  kee)-' 
it  running.  In  the  case  of  the  induction  electric  motors, 
no  man  of  greater  skill  than  an  ordinary  millwriglit  is 
needed  for  their  operation  and  handhng  :  for  as  long  as 
there  is  oil  in  the  bearings  and  electric  current  supplied, 
no  man  can  prevent  its  turning  tJie  mill  or  compressor-- 
and  the  oil  in  tlie  bearings  need  not  be  replaced  under 
<irdinar\-  circumstances  oftener  than  once  in  tinee 
months  ;  and  practically  the  only  attention  needed  is  to 
keeji  tile  machinery  clean,  which  duty  is  different  in  tiie 
various  locaiitie'^. 

SYNCHRONOUS     MOTORS. 

The  >\nchronous  motm-,,  which  .ne  u>ed  in  sizes  of 
300  and  400  h.p.  are  more  complicated,  and  need 
more  careful  attention  tlian  the  induction  motors  above 
mentioned.  .\  synchr(jnous  motor  is  practicalJx-  an  aitei- 
nating  current  generator  reversed,  i.e.,  it  receiv'es  an 
electric  current  and  develops  power  at  tiie  pulle\-.  Its 
construction  is  identical  with  a  gener.itor.  and  it  cm  be 
used  as  eitlier  a  generator  or  motor.  Tlie  jLuticuJar  t\pe 
used  (in  the  Kolar  Gold  field  is  the  one  calietl  Revolving 
Field  type,  because  of  its  construction  \\  ith  the  continuous 
cui^rent  excited  held  revolving  and  the  st.itionarv  .dter- 
nating  current  armatiu'e  which  is  connected  to  the 
distribution  circuits.  Tiie  exciter  for  each  macliine  is 
mounted  on  the  motor  shaft  in  front  of  the  m.ichiiie. 
The  windings  of  these  motors  are  all  for  j.o.s'o  volts  and 
operated  with  the  slow  speed  of  J50  reV(jlutions  per 
minute.  The  pulleys  are  made  for  rope-drive,  and  the 
duty  of  this  class  of  motors  is  in  the  iireseiil  inst.dl.itiou 
conlined  to  conlpressor-^  oiiI\. 

COMPRESSORS. 

The  pressure  used  is  mostly  45  lb.,  but  all  the  1  1  new 
compressors  which  are  lu-ing  in>l.illed  in  C(jmiectioii  \\  ith 
the  electric-power  plant  .ire  designed  for  ()olb.  pie-^iue. 
The  present  installation   consists  of  :    - 

Five  150  h.p.  duplex  air-compressors,  each  cvlinder 
lOJ  ill.  in  diameter.  iS-iii.  stroke,  speed  1  10  re\dlulioiis, 
capacity  to  compres-,  i)io  cubic  feet  of  air  )ier  minute  to 
60  lb.  per  square  inch  pressure.  The  diiviiig  pullev  is 
loft.  in  diameter,  and  grooved  to  iecei\e  <)  ropes  1  J  in. 
diameter.  The  air  receivers  are  4S  in.  in  ch'ameter.  .lud 
12  ft.  long. 

Four  200  h.p.  duplex  air-compressors,  e.icli  cvlinder 
IM',  in.  in  diameter,  J4-in.  stroke,  speed  (14  revolutions, 
capacity  to  compress  i,.^i4  cubic  feet  of  free  air  per 
minute  to  a  ]iressure  of  Oolb.  per  square  inch.  Driving 
pulley  is  13  ft.  diameter,  and  grooved  to  receive  12  ropes 
I  ',  in.  in  diameter.     Air-receiver  54in.  by  uft.  long. 

(Jiie  300  h.p.  duplex  .lir-compressor,  each  cylinder 
22},  in.  in  diameter,  J4-in.  stroke,  speed  ((4  revolutions, 
capacity  to  compress  i,(;20  cubic  feet  of  free  .air  per 
minute  to  a  pressure  of  60  lb.  j-ier  square  inch.  Driving 
pulley  13  ft.  diameter.,  grooved  to  receive  12  ropes  1  ,'.  in. 
in  diameter.     .Air-receiver  54  in.  h\  12  ft.  long. 

One  400  h.]\  duplex  air-compressor,  each  cvlinder 
25,1  in.   diameter.  30-in.  stroke,    speed  80  revolutions  per 


minute,  at  which  speed  the  capacity  is  2,000  cubic  feet  of 
free  air  per  minute  at  a  pressure  of  ()0  lb.  per  square  inch. 
Driving  pulley  is  lO  ft.  in  diameter,  and  grooved  for  j6 
i"opes  I .]  in.  di.imeter. 

-All  compressors  have  piston  inlet  air-cylinders,  with 
w.iter  jacket  all  round  the  walls  and  through  all  heads, 
.and  are  provided  with  automatic  sight  feed  lubricators 
for  air-cylinder  jackets,  automatic  air-pressure  regulators, 
piping,  and  all  other  necessary  details  which  form  part 
of  a  complete  installation.  .\11  compressors  hitherto 
used  on  the  tield  liave  been  steam-driven,  carrving  a 
small  tlv-wheel  to  equalise  the  angular  velocity.  In  the 
case  of  the  new  comjiressors  these  are  driven  by  a  large 
pulley  through  the  elastic  medium  of  ropes,  which  has 
j-iroved  so  eminently  successful  in  many  large  motor- 
driven  installations.  The  compressors  and  air-tanks  are 
m.iiiuf.ictured  iiv'  the  Ingersoll-Sergeant  Drill  Company 
of  New  York,  this  company  being  sub-contractors  for 
this  section  of  the  work  to  the  tieueral  Electric  Company 
of  \ew  York. 

DETAILS     OF     MOTOR     APPLIANCES. 

The  present  equipment  of  the  gcjldlield  consists  of 
32  electric  motors,  with  a  total  capacit\'  of  4,205  h.p  ,  of 
which  II,  with  a  capacity  of  1,530  h.]-!..  are  to  operate 
crushing  mills  :  12,  with  an  aggregate  c.ipacity  of 
2,550  h,p.,  to  operate  the  air-compressors. 

Five,  with  an  aggregate  capacity  of  Oo  h.p.,  to  operate 
hoists  ;  two.  with  an  aggregate  of  50  h.p.,  to  operate 
stone  breakers  ;  one,  of  5  h.p.,  to  operate  the  triplex 
pump  ;  one,  of  io  h.p.,  to  operate  the  machine  shop. 

The  extent  of  the  goldfield  over  which  the  motors,  etc., 
.ire  distributed  is  about  six  miles  in  length  and  one  in 
width.  It  m;iy  be  noticed  that  the  total  loss  in  trans- 
mission between  the  generators  at  one  end,  and  the 
motors  at  the  other  end  of  the  system  is  .ipproximatelv 
20  per  cent.  ;  .111  output  of  iie.u'ly  5,000  h.p.  at  the  Falls 
jiower  sl.ilioii  being  requisite  for  the  deliver\'of  4,000  h.\\ 
.11  the  Kol.ir  Cold  field. 

COST     OF     SCHEME. 

,t'         ^-     '1- 

1.  iiydr.iulic  pl.uii  ..  ...        20,500     o     o 

2.  Klectric  ii|.ml,  generators,  and 

ti'ansmissioiis  ...         ...      :  12,000     o     o 

3.  Distribution  pl.mt        ...  ...        53,000     o     o 

_|.   Channels,  buildings,  (,\;c.        ...       i4,S,6oo     o     O 


Tol.d 


£.340.100     O     O 


The  piesent  agreement  with  the  mining  companies 
concerned  is  iuv  the  supply  of  4.000  h.p.  (full  time)  for  a 
jieriod  of  ten  years.  The  rate  per  h.p.  l^er  annum  v.uies 
during  the  hrst  live  ye.irs  from  ^^i.Sio  /_.'2o,  the  average 
being  £.20  4s.  For  the  seconti  live  years  a  uniform  rate 
of  {."10  per  h.p.  is  to  be  paid  by  the  mines. 

On  this  basis,  after  making  full  provision  for  working 
expenses  and  depreciation,  it  has  been  calculated  that  the 
.Mysore  Stale  will  recoup  practically  the  whole  capit.il 
outlay  by  the  end  of  the  sixth  year,  and  obtain  revenue 
equal  to  10  per  cent,  afterwards.  It  has  also  been  estab- 
lished tli.it  the  mining  companies  should  save  in  working 


Electric  Power  at   the  Kolar  Gold  Field. 


'39 


P1.ATK\1I.       TKAX^MISSIOX   LIXK   IX   COT  KSK  (II-    i;  in,rTI()\  . 


PLATE  VIII.       TKAXSMISSION   LIXK  AT  KIVKR-CKCSSIXGS. 


l-O  A 


140 


Page's    Magazine. 


PLATE  IX.       ELKCTRIC  GEXERATIXG  STATIOX  AT  KALES  (swnCH-BOARD). 


PLATE  X.      GI'.XEKAl    VIEW  Ol'EHATIXG   ILOJK',  TI^^XS1•  Ol^I.MEl;  HOUSE,  KOLAR 


Electric    Power   at   the    Kolar   Gold    Field. 


141 


expenses  well  over  hall'-a-ir.illion  sloiiing  cluriii.i;  the  lime 
the  contract  lasts. 

On  Julv  25th  last  the  motors  were  at  work  on  the  lield  ; 
the  tirst  shipment  of  line  material  arrived  in  India  in 
January,  1901,  so  that  within  eighteen  months  the  whole 
plant  was  erected  and  at  work.  It  has  now  been  at  work 
for  three  months  (October  30th),  and,  with  the  exceptiiin 
of  a  stoppage  of  two  hours  to  repair  damages  owing  to 
the  transmission-line  being  struck  by  lightning  during  a 
severe  thunderstorm,  it  has  worked  without  a  hitch  and 
has  given  general  satisfaction  at  all  thj  mines  using 
electric  power.  The  uniformity  of  the  power  supplied 
enables  20  per  cent,  more  work  to  be  done.  With  steam 
there  was  always  a  fluctuation  in  the  power  delivcretl, 
owing  chiefly  to  faulty  firing  during  the  night.  Less 
supervision,  less  machinery,  and  better  results  at  cheaper 
cost  are  some  of  the  benefits  conferred  by  the  utilisation 
of  the  Cauvery  Falls  p  )wer  electrically  transmitted  to  the 
Kolar  Goldtieid. 

It  is  intended  shortly  to  duplicate  the  plant  employed 
so  that  8,000  h.p.  will  be  transmitted  to  the  field.  Should 
more  power  than  this  be  required,  an  extensive  reservoir 
would  have  to  be  built  above  the  Falls  to  hold  the  Hood- 
waters  of  the  Cauvery,  as  the  dry  weather  supply  in  the 
river  would  be  inadequate. 

So  accurate  is  the  mechanism  of  the  governor 
connected  with  the  Pelton  wheels  at  the  power  station 
at  the  Cauvery  Falls,  that  a  stoppage  of  any  of  the 
electric  motors  on  the  Kolar  Gold  field  immediately 
acts  on  it,  and  causes  a  contraction  of  the  mj/zles 
discharging  on  the  vanes  of  the  hydraulic  wheels 
and  lessens  the  power  generated  in  a  corresponding 
ratio.  Several  trifling  accidents  have  happened  since  the 
installation  at  the  fields.  An  adventurous  cat  sprang  on 
the  bus-bars  of  the  step-down  transformers  at  the 
Champion  Reefs  Distribution  House,  and  was  promptly 
electrocuted. 

The  loss  of  power  in  line  transmission  along  the  92 
miles  of  line  between  the  falls  and  Kolar  is  calculated  at 
13  per  cent,  when  all  six  wires  carry  the  current.  If  only 
three  wires  are  used,  the  loss  is  doubled,  and  consequently 
the  wheels  have  got  to  do  increased  worlc.  On  one 
occasion  one  of  the  two  lines  was  being  repaired,  and 
full  power  had  to  be  sent  on  a  single  line  of  three  wires 
at  increased  potential.  To  enable  the  wheels  to  do  this 
increased  work,  the  nozzles  had  to  be  opened  to  their 
fullest  extent,  and  this  caused  a  greater  discharge  of  water 
through   the   penstocks,  and  exhausted  the  supply  over 


the  penstock  sluice  at  the  Forebay  and  caused  a 
stoppage  of  the  machinery.  Ily  slightly  raising  the 
retaining  wall  c)f  weir  at  the  Forebay,  and  thus  in- 
creasing the  head  of  water  over  tlie  self-acting 
sluice-gates,  the  recuirence  of  such  an  accident  has 
been  obviated. 

When  the  power  has  got  to  he  imiform,  as  in  the  case 
of  stamping-mills  and  compressors,  the  advantages  of  the 
electric  motors  are  most  pronounced,  but  where  the  load 
is  not  uniform,  as  in  the  case  of  hauling  in  deep  shafts, 
the  advantages  over  steam-power  are  not  so  great.  Thus 
if  too  h.p.  steam  engines  were  required  to  do  the  hauling 
at  a  depth  of  2,500  ft.,  less  steam  would  be  employed  and 
less  power  developed  when  hauling  from  the  1,000  level. 
The  arrangement  made  with  the  Mysore  Government 
hy  the  companies  using  electric  power  is  for  a  tixed 
amount  of  power  (ler  day,  whether  the  power  is  used  or 
not.  So  far.  none  of  the  companies  have  used  the  full 
contract  amounts;  still,  they  have  to  pay  for  power  not 
used.  When  machinery  actuated  by  electric  motors  is 
being  cleaned  or  repaired,  or  not  in  use,  full  power  has 
got  to  be  paid  for.  With  steam-power  there  would  be  a 
saving  of  fuel  in  such  cases  ;  whereas  with  electric  power 
under  the  present  arrangements  with  the  Mysore  Govern- 
ment, full  contract  power  has  to  be  paid  for.  During  the 
last  three  months  the  companies  using  electric  power 
liave  paid  for  20  per  cent,  more  power  than  they  are 
using.  If  the  meter  rate  were  introduced,  and  the 
companies  only  paid  for  what  the  meters  showed  as 
consumed,  there  would  be  considerable  saving.  On 
behalf  of  the  Mysore  Government  it  is  contended  that 
as  it  is  impossible  to  tell  how  long  the  mines  will  last,  it 
is  the  business  of  the  State  to  get  back  their  outlay  as 
soon  as  possible,  and  this  they  hope  to  do  within  live 
years  ;  hence  the  present  system  of  charging  for  power 
whether  it  is  used  or  not. 

The  advantages  of  electric  motors  and  electric  dis- 
tribution of  power,  judging  from  the  results  obtained  at 
Kolar,  are  so  great  that  it  is  thought  that  for  mining 
purposes,  where  power  is  required  in  dozens  of  different 
localities  some  miles  apart,  power  generated  at  a  central 
station  by  steam  and  distributed  electrically  would  be 
more  economical  than  a  series  of  steam-generating 
stations  scattered  all  over  the  lield. 

1  am  indebted  to  Lieut.  Hunter,  the  Engineer  of  the 
Mysore  Government,  and  Alex.  Extrom,  the  Chief 
Electrical  Engineer  of  the  General  Electric  Company, 
for  much  of  the  information  contained  in  this  paper. 


Submarines  on  Trial. 

IX  KiOO,  thL'  United  States  Government  ordered  seven 
diviny  torpedo-boats  from  the  Holland  Torpedo 
Boat  Ciimpany,  and  in  the  same  year  tlie  ISriti^h  Cloxern- 
ment  firdered  live  vessels  I'rom  the  C(impan\-. 

All  the  British  boats  have  run  theii-  trials.  Thev  are 
known  as  Xos.  r,  2,  3,  4,  5,  and  althdugh  no  ohicial 
statement-  have  been  made  cnnceinin.L;  Iheir  IriaK,  these 
are  belie\ed  tn  have  been  perfeetlv  >atislact(irv.  Two 
are  now  at  Purtsmouth,  and  the  remainder  will  sJK.rtlv 
leave  the  yard  nf  Me-srs,  Vicker^,  Sons,  imd  .Maxim,  at 
}-;arrow,  lor  the  southern  port.  Of  the  n.ew  "  N'ieker-- 
Admiralty"  bo.its,  known  a-  A],  .\2,  A},  antl  A4,  one  ha- 
been  launched.      The  other  three  are  -till  on  the  stocks. 

llefore  the  Fnited  States  Government  ordered  Ihe-e 
diving  torpedo-boats  they  had  (ail\-  one  submarine  on 
their  navy  li-t.  This  was  the  UolUiiui.  purcha-ed  bv  the 
I'niied  State-,  April  nth,  n.oo. 


From  a  statement  prepared  by  Rea.r- Admiral  F.  T. 
Bowles,  Chief  of  the  l-iure.ui  of  Con-truction  and  Repair, 
T'nited  Slates  Xavv  Dep.u-tment,  it  appears  that  the  actual 
constiaiction  of  modern  submarine  torpedo-boats  for  the 
Fnited  State-  Xavy  w.is  initiated  by  the  Act  of  March  3rd. 
1S03,  w  liich  provided  for  building' a  submarine  torpedo- 
bo, it  and  condiicIiii.L;  e.x'iieriments  tliei'ewith,  authorising 
the  expenditure  of  200,000  dollars  for  tlie  purpose. 
Eventuall\-  in  looo  the  following  ve--els  were  ordered  : — 

1.  Addii.  5.   Porpoise. 

2.  ('•raiiipiis.  ().  Sliiirk. 

V  M(<iCii>ni.  7.  J'lniii^cr. 

4.  /V/,v. 
The  Ailiii  r  and    the    Moccasin   have   at    last   completed 
their  trial-  and  have  been   accepted   by  the   United  States 
Xav\-  Department. 

The  AilJcr.  Moccasin,  Porpoise,  Sli<jrk,  and  Plniiiicr, 
weie  buill  in  tlie  yai'ds  of  Lewi-  Xixon,  at  Eli/'abeth  Port. 
Xew    [er-i.-\. 


"HE  sumr.vi-tiXK  ToRi'KDD-no.vrs  ".midhi?,"  "  .moccasi.x,"  "i'uri'OIsI'; 
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THK    UXITEU   STATES   SUBMARINE   TORPEDO-HOAT    "ADDER,"'   AT    Kl'I.L   SPEED,    TXDER   GASOLINE    KXGIXE. 


The  (imniptis  and  the  Pike  arc  heinj;  built  at  the  Tnion 
Iron  \\'t)rks,  San  Francisco. 

The  following  is  a  summary  of  the  chief  features  of 
interest  in  the  recent  trials  of  the  Adder  and  the  Moccasin, 
which  are  practically  identical  with  British  Submarines 
Xos.  I  to  5. 

The  other  five  American  submarines  have  still  to 
undergo  their  contract  trials  before  being  accepted  by 
the  Government. 

The.-l</(/erand  her  si.x  sister  vessels  are  63  ft.  4  in.  long, 
1 1  ft.  9  in.  beam,  and  iij  ft.  diameter.  The  displacement 
when  submerged  is  120  tons,  the  indicated  horse-power 
on  the  surface  under  the  gasoline  engine  is  160;  and,  sub- 
merged, under  electric  motor,  70  h. p.  for  1,940  ampere 
hours. 

The  contract  speed  on  the  surface  is  8  knots,  and  sub- 
merged 7  knots,  and  the  result  of  the  trials  of  the  Adder 
and  Moccasin  was  that  both  exceeded  their  contract 
speeds. 

The  Adder  macW  an  average  speed  on  the  surface  of 
8-5  knots  an  hour  when  running  in  the  light  condition, 
i.e.,  with  all  her  submersion  tanks  empty.  In  the 
partially  awash  condition  she  made  an  average  speed  of 
8  knots  an  hour,  and  when  totally  submerged  her  speed 


was  75  knots.  She  therefore  exceeded  her  conliact 
speeds  by  half  a  knot  on  the  surface,  by  1  knot  when 
awash,  and  by  half  a  knot  when  completely  submerged. 

The  Moccasin  did  not  make  tiuite  as  fast  times  as  the 
Adder,  but  she  was,  on  the  whole,  considered  the 
steadier  vessel. 

The  United  Stales  Xavy  Department  required  that  on 
a  two-mile  run  the  boats  should  come  to  the  surface  but 
three  times,  and  that  a  target  15  ft.  dsep  and  150  ft.  long 
nuist  be  struck  by  a  torpedo. 

During  the  trials  the  .Adder  made  a  submerged  run  ol 
one  mile,  and  tired  a  torpedo  under  water.  A  sligiil 
mishap  is  reported,  for  she  ran  aground  when  below  the 
surface.  The  Adder  innnediately  blew  out  one  ol  iier 
ballast  tanks,  and  at  once  rose  to  the  surface.  It  is  said 
that  the  atmosphere  on  board  became  exceetiingly 
"stuffy,"  though  the  crew  do  not  appear  to  have  sulfercd 
serious  discomfort. 

'i'he  Moccasin  lired  a  torpedo  at  the  target,  rising  only 
three  times,  none  of  moic  than  35  seconds' duration,  lo 
get  her  aim.  The  torpedo  was  dellecled  and  did  not  hit, 
though  it  passed  iiuile  close  to  (he  target. 

Further  trials  are  to  be  made  to  test  the  capacilici  of 
the  boats  in  deep  water  and  in  rough  weather. 
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Tlic  Xaval  Koaici  of  Iiispccliim  oi  tlic  L'nitccl  States 
Navy  have  issued  an  interestin.ij  and  full  report  of  the 
trials  of  the  Adder  and  Mocctisiii.  From  this  it  would 
appear  that  the  American  boats  are  not  so  handy  as  the 
British  vessels,  takins^  longer  to  till  their  tanks  and  dis- 
appear than  do  the  latter.  This  is,  of  course,  a  matter  of 
great  importance  for  a  diving  torpedo-boat  must  he  able  to 
change  from  the  light  to  the  awash  condition,  and  from 
the  awash  to  the  totally  submerged  condition,  in  as  few 
minutes  as  possible. 


The  Andrew  Carnegie  Research  Scholarship. 

Candidates  for  the  Research  Scholarship  or  Scholar- 
ships, founded  by  Mr.  Andrew  Carnegie  and  awarded 
annually,  irrespective  of  sex  or  nationality  on  the  recom- 
mendation of  the  Council  of  the  Iron  and  Steel  Institute, 
-hould  apply,  on  a  special  form,  before  the  end  of 
February,  to  the  Secretary  of  the  Institute  (Mr.  ]->ennett 
H.  Brough). 

The  object  of  this  scheme  of  Scholarships  is  not  to 
facilitate  ordinary  collegiate  studies,  but  to  enable 
students  who  have  passed  through  a  college  curriculum 
or  have  been  trained  in  industrial  establishments,  to 
conduct  researches  in  the  metallurgy  of  iron  and  steel 
and  allied  subjects,  with  the  view  of  aiding  its  advance 
or  its  application  to  industry.  There  is  no  restriction  as 
to  the  place  of  research  which  may  be  selected,  whether 
university,  technical  school,  or  works,  provided  it  be 
properly  equipped  for  the  prosecution  of  metallurgical 
investigations.  Candidates  must  be  under  thirty-five  years 
of  age. 

The  appointment  to  a  Scholarship  is  for  one  year,  but 
the  Council  may  at  their  discretion  grant  a  renewal  for  a 
further  period  instead  of  proceeding  to  a  new  election. 
The  scheme  provides  that  the  results  of  the  research 
shall  be  communicated  to  the  Iron  and  Steel  Institute  in 
the  lorm  of  a  paper  to  be  submitted  to  the  annual  general 
meeting  of  members,  and  if  the  Council  consider  the 
paper  to  be  of  sufficient  merit,  the  Andrew  Carnegie 
Gold  Medal  is  awarded  to  its  author.  Should  the  paper 
in  any  year  not  be  of  sutficient  meiit,  the  medal  is  not 
awarded. 

Last  year  the  Andrew  Carnegie  Gold  Medal  was 
awarded  to  Dr.  J.  A.  Mathews,  New  York  ;  and  scholar- 
ships, each  of  the  value  of  £'loo,  were  awarded  to  : 
O.  Boudouard,  Paris ;  W.  Campbell,  Xew  York  ;  A. 
Campion,  Cooper's  Hill;  P.  Longnuiir,  Manchester; 
K.  Schott,  Berlin  :  F.  H.  Wigham,  Wakefield. 


A  Large  Blowing  Engine. 

The  London  olfice  of  Fraser  and  Chalmers,  Limited 
(Works,  at  Erith,  Kent),  have  recently  received  an  order 
from  the  Moss  Bay  Hematite  Iron  and  Steel  Company, 
Workington,  Cumberland,  for  one  of  their  double 
vertical  King  Riedler  Blowing  Engines.  The  normal 
i.h.p.  of  this  machine  is  about  2,000,  the  maximum  being 
3,000.  The  capacity  of  the  machine  normally  is  20,000 
cubic  feet  of  free  air  per  minute  to  30  lb.  blast  pressure, 
the  maximum  being  30,000  cubic  feet.  One  side  of  the 
blowing  engine  can  be  disconnected  and  run  alone, 
giving   a    capacity  of   15,000  cubic  feet  of    I'ree    air    per 


minute.  The  blowingengine  will  supply  air  to  Bessemer 
converters,  and  its  speed  will  automatically  regulate  it>elf 
according  to  the  amount  of  blast  reijuired.  The  steam 
cylinders  on  each  side  are  of  Corliss  type  and  compound, 
while  the  air  cylinders  are  litted  with  the  Riedler  patc-nt 
valve.  The  initial  steam  pressure  with  which  these 
engines  will  work  will  be  1501b.  with  a  vacuum  of 
10  lb.  The  normal  speed  is  50  revolutions  and  the 
maximum  75.     The  stroke  is  54  in. 

Institution   of   Gas    Engineers. 

The  Incorporated  Gas  Institute,  and  the  Incorporated 
Institution  of  Gas  Engineers  have  been  dissolved,  for  the 
IHupose  of  forming  a  united  society  under  the  name  of 
"The  Institution  of  Gas  Engineers."  The  necessary 
arrangements  having  been  successfully  completed,  the 
Institution  has  been  duly  registered,  the  offices  being  at 
30,  Victoria  Street,  Westminster.  The  secretary  is  Mr. 
Walter  T.   Dunn. 

Edison's    Storage   Battery. 

Mr.  Edis(in,  whose  latest  form  of  storage  battery  aroused 
considerable  interest  a  fevv  months  back  on  account  of 
the  high  claims  made  for  it,  is  reported  to  be  building 
hve  electric  automobiles  to  run  5,000  miles  each.  They 
will  all  be  equipped  with  his  new  battery,  which  it  is  the 
sanguine  hope  of  Mr.  Edison  will  enable  a  run  of  100 
miles  to  be  made  on  one  charge.  A  light  run-about  car 
is  said  to  have  recently  covered  62  miles  with  a  battery  of 
21  cells,  weighing  332  lb.,  and  at  the  end  of  the  trial  the 
car  still  ran  at  S3  per  cent,  of  its  normal  speed. 


Improvements   at   Chatham   Dockyard. 

.An  import;uit  scheme  is  being  cou>idered  by  the 
.\dmiralty  for  the  construction  of  a  new  basin  at  Chatham 
to  accommodate  the  warships  attached  to  that  port.  The 
site  provisionally  selected  is  on  the  north  side  of  the 
titting-out  basin,  and  communication  with  the  river 
;\Iedway  could  be  easily  effected.  Each  of  the  three 
basins  already  in  existence  has  a  water  area  of  about 
twentv-six  acres,  but  the  acconnnodation  thus  provided  is 
altogether  inadequate,  and  it  has  been  found  necessary 
to  moor  certain  of  the  ships  in  some  of  the  reaches  of  the 
Medway.  Tlie  new  basin  will  have  a  water  area  of  about 
sixty  acres. 

The  authorities  are  greatly  disappointed  about  the  new 
dry  dock  at  Chatham,  which  it  was  expected  would  be 
C(jmpleted  very  shortly.  A  "blow"  in  the  wall  of  the 
adjoining  basin  caused  the  new  dock  to  be  Hooded  ;  and  in 
order  to  stop  this,  it  has  been  found  necessary  to  construct 
an  additional  dam  right  out  round  the  defective  portion  of 
the  wall  ;  to  cut  what  is  technically  known  as  a  "grip" 
right  through  the  wall  itself,  and  to  close  pile  it.  The 
object  of  the  piling  is  to  prevent  the  water  getting  through 
beneath  the  foundations  of  the  wall.  The  work  has  been 
of  a  most  dilticult  nature,  and  has  been  mostly  performetl 
by  divers.  The  water  in  the  dock  has  been  gr.idu.illy 
lowered  by  means  of  powerful  pum|->s,  but  no  attempt  will 
be  made  to  clear  it  altogether  until  the  "  bU)W"  ha-,  been 
effectually  stopped. 

Directly  the  new  dry  dock  is  titiisheil,  .mother  one  will 
be  begun.     The   necessity  for  docks  000  ft.  or  700  ft.   in 
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Iciij^tli  is  very  pressing.  At  tlic  present  time  there  is  (inlv 
one  docic  at  Chatham  Dockyard  capable  of  receiving 
vessels  440  ft.  in  lenyth,  the  other  three  docks  beinj^  onlv 
able  to  take  in  vessels  405  It.  in  length. 

Whilst  accommodation  is  being"  provided  at  Chatham 
for  the  reception  of  battleships  and  tirst-class  cruisers  of 
tlie  largest  type,  the  Admiralty  have  also  furnished  the 
means  for  producing  these  giant  ships.  A  new  building 
slip  has  been  constructed,  with  machinery  shops  and 
storehouses,  and  will  be  ready  for  use  directly  the  huge 
derricks  now  being  erected  are  in  position.  Labciur- 
saving  machinery  of  the  mo-t  improved  pattern  has  been 
installed  in  the  shops,  and  the  motive-power  will  be 
electricity.  The  total  cost  of  the  new  building  slip  and 
its  adjuncts  and  accessories  has  been  about  /.' 150,000. 


The  Largest  Destroyers  in  the  United 
States  Navy. 

The  torpedo-boat  destroyers  Jnixloii,  ]]'Inpplc.  and 
Warden,  built  by  the  Maryland  Steel  Company,  Sparrow's 
Point,  Md.,  U.S.A.,  for  the  United  States  Government 
are  the  largest  destroyers  in  the  T'nited  States  Navy,  and 
as  will  be  seen  from  the  log  of  the  ofhcial  trial  of  the 
]Vordei!,  they  are  among  the  speediest. 

The  following  is  the  log  of  the  U'citlcii 
trial  at  the  Barren  Island  course  : — 
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The  correct  oflicial  lime  lor  the  ninth   run  gives  a  speed 
of  3005  knots  per  hour.    On  the  hour's  run  on  September 
12th,    i(j02,  the  revolutions  were  311-35  port  and  3ii'55 
starboard,  giving  a  speed  of  2815  knots  per  hour. 
Their  dimensions  are  as  follow  : — 


ft. 
25<> 
248 


Length  over  all 

Length  on  trial  load  water  line 

Breadth  on  deck 

Bre.idth  on  trial  load  line 22 

Depth  amidship-      ...  ...  ...        i_j. 

The  engines  are  of  the  four-cylinder,  triple-expansion 
type,  placed  in  separate  water-ti.ght  compartments,  the 
forward  engine  being  on  the  starboard  side  and  the  after 
one  (;n  the  port  side.  The  sequence  of  cylinders  is  as 
follows  ;  beginning  forward,  first  low-pressure,  inter- 
mediate, high,  and  second  low-pressure.  The  cranks 
are  at  yo  degrees,  the  high  and  first  low-pressure  cranks 
being  opposite,  as  are  also  the  intermediate  and  second 
low  pressure.  Steam  is  supplied  by  four  water-tube 
boilers  of  the  Thornycroft  type,  constructed  for  a  working 
pressure  of  240  lbs.  Each  boiler  has  its  separate  smoke- 
stack, the  forward  stack  casing  being  arranged  as  a  vent 
to  the  galley  and  the  after  one  as  a  vent  to  the  firemen's 
quarters. 

Hints  on  Card  Systems. 

Card  systems  are  so  frequently  built  up  bygral'ting  new 
methods  upon  old  foundations,  that  a  great  deal  of  prac- 
tical information  may  be  useless  to  the  individual.  On 
the  other  hand,  a  hint  may  often  be  developed  into  a 
system.  A  writer  in  Murine  Engineering  (Xew  York), 
reconnnends  cards  measuring  4  in.  by  5  in.,  both  blank 
and  plain  ruled,  the  cards  being  indexed  very  simply, 
according  to  subject  only,  with  few  cross  references.  To 
begin  with,  formuke  for  calculation  are  copied  and 
filed — not  standard,  well-known  formuke,  as  for  beams 
or  Lloyds,  etc.,  but  such  useful  formuke  as  one  comes 
across  in   .good  technical  readin.g,   or  such  as  one  may 
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derive  himself.     Tlie  source  of  all  data  should  always  be  <ketch    (jf   the    pipin,^   and    blower   in    a    third,    ,iiid   .i 

.yiven,  as  data  without  positive  authority  for  its  existence  photoi^ranh  of  the  plant   <in   a    foiulh.     From   these  four 

will  not  be  recognised  in  reputable  engineering  oftices.  cards  the    plant  could   be   successfully    installed   by    one 

Sketches  form  another  important  division  of  the  card  who  had  never  seen  it. 

index  system.     They  may  be  freehand  or  scale  drawings.  Of    equal,    if    not    greater,    importance   than    what    an 

In    this    work    the    usual    mistake  is  to    accumulate    t')o  L-ngineer   sees   and  experiences   is   what   he  reads.     His 

much  useless  matter  at  the  start.     Xo  sketch  ?.houId  be  periodicals,    his   bioks.    the  literature  from    his   various 

Hied     unless    it   lias    some  special   or    standard   point   of  societies,  and  the  gre.it  number  of   handsome,  instructive 

merit.     It   is  a  mistake  to  -ketch   everything  haphazard.  catologues    will    all    furnish    v.iluable     material.       For 

In   connection    with   this   the   kod.ik  may  be   used   with  example,    the    various    formuke    for    tiat    plates  to  resist 

valuable    results.       r>c  a    plate    or    tilm   the    same   -^i/.e  pressure,    the    stand.ird    forms    of    Corliss    gears    with 

as    the    card.      Tlie  4-in.  by  5-in.  is    advised  for    lioUi.  drawings,  sketches  of  different   systems   of  oil  burning 

Machinery,  ships,   details,  large    drawings,    methods   of  jud  data,  valuable  tests  of  bursting  point   of   flywheels, 

hoisting,  and  interesting  accidents  can   be  photographed  etc. 

on  the  spot,  and  the  print  tiled  with  the  data  on  the  The  value  oi  advertisements  is  under-estimated  bv 
back.  With  this  data  should  be  given  the  number  and  many.  Recently  an  engineer,  on  looking  in  his  card 
ijther  information  necessary  to  find  the  negative.  A  sheet  or  system,  saw  "How  to  condense  with  a  small  amount  of 
two  of  good  blue-print  paper  may  be  cut  up  into  cards,  water— new  idea."  Looking  up  the  reference,  he  found 
and  on  these  prints  can  be  made  from  parts  of  l.irge  that  it  was  the  now  well-known  system  of  surface  con- 
drawings  which  have  special  features  desirable  to  note,  densing  with  a  >pray  and  blower.  The  idea  he  had 
Indicator  cards  may  be  taken  on  thin  paper  and  then  seen  in  an  advertisement,  and  it  happened  to  particularlv 
printed  through  1)11  these,  to  save  for  future  reference.  -uit  the  wants  of  his  client,  and  a  neat  compensation 
The  scales  must  be  measured  off  and  marked  bef(.ire  was  his  reward, 
printing,  as  the  blue-print  paper  will  slirini^  and  stretch.  It  can  be  readily  seen    th.it  such  a   card   svstem  would 

Many  times  one  wishes  to  keep  clipjiings  ,  .f  diawings  t.ike   the   pl.ice  of  the   pocket  or  note-bijok.     It  is  not  an 

or   engravings    of  machinery,     hxtures,    inventions,    etc.  index  system,  for  it  is   the   note  borik  in  itself,  and  never 

One  hesitates  to  spoil  liis  file  of  p. ipeis.  and    \et    hates   to  ceases  to  grow. 

buv  extra    papers   to    cut    up.       The    folhiwing    works  .\s  to  methods  of   indexing,   cross    references   should 

beautifully:   Make   a  solution   of    .dcohol    s.itur.ited   with  be  avoided  except  where  especially  desirable.      It  is  best 

clean    sal.  soda,  then   .idd   one-tenth,  by  measurement,  of  to  arrange  according  to  name  of  largest  conglomeration, 

fine,  clear,  jtowdered   sjielhic.       Spre.id  this   solution   on  as   '■Steamship   A'orca  "  or  "Waterside   Power   Station." 

the  picture  desiix-d.      Lav   a    blank    card  over  it.  anil  rub  Then    if  a    man   w.mts,  for    instance,  a   good   design   for 

the   card    with  a  warm   tialiron.       Then   carefullv  lift  the  ,So-inch    cast-steel   sleam    piston,    instead    of    looking    in 

card.      The    picture  will  be  be.uitifiilly  transferred  to  the  "  Pistons,"  he   looks   under   some    job  such  as   would  be 

card,    with    still    enough    left    on     the    m.iga/iiie    to    be  likelv  t(_i  have  a   piston   of   desirable   design.     lUit   if  lie 

perlectiv   clear.       (Jf  course   it    will  be  reversed,  but  this  finds  a   piston   in   his    travels  or  readings  of   peculiar  or 

seldom  matters.      By  these   methods  full   and   very  ci_>ni-  special   merit,  then  it,  with  sketch  and  data,  is  tiled  under 

plete  d.if.i,  with  photos,  etc.,  m.iv  be  tiled  <if  the  building  the  head  <if   "  Piston." 

of  .1  ship,  her  engines,  boilers,  pr.  ipellers.  tests,  materials.  Cross-section  paper  cut  to  card  si/e  occupies  no  mean 

and  appe.irance.      'i'lie  full  data  of   her  trial  mav  als(j  be  place   in   the  card  index.     Curves  can  be  reproduced  or 

tiled  systematicallv  .iiid  clearlv.  data  of   a    run    can     be    thus    preserved.      Suppose    the 

One  can  lile,  for  comparison,  d.tla  pertaining  to  valve  ix-cords  of  a  station  .ire  kept  on  the  c.ircl  index  system 
gear,  cards,  combined  cards,  various  curves,  the  nioie  A  card  is  marked  everv  thiity  minutes  with  the  point 
abstruse  and  mathematical  data  pertaining  to  .1  p.irticukii-  showing  gr.iphicillv  the  lo.id,  and  another  point  show- 
piece of  machinery,  that  the  desii^ner  in.iv  have  all  thi-  to  iui^  the  coal  or  oil  consumed.  .\t  the  end  of  the  watch 
reler  to  when  he  has  occasion  to  m.ike  comparisons.  the  cards  .u-e  luiaied  in  to  the  clerk,  who  traces  the  load 

.\lso   cards   mav  be   cut    from   cross-section    paper,  .md  curve   in    bl.ick  and    the   fuel  cui-ve  in    red,  and   it   is  then 

in  miniature  these  will   serve  to  preserxe  the  curves  used  tiled  awav  for   reference   and   comparison,  iir  used  bv  the 

m  calculations.      For  iiist, nice,  the  curve   of   thrust  for   a  eoiisulling  engineei-  for  coniixirison    with    other   stations, 

given  shiji  is  useful  to  ha\e  for  coinp.nisoii  with  the  next  This  scheme   cm  be   ciiaied  as   far   into   Complex  detail 

ship    in    order    to    judge    wli.il    has    been    attained    in    .1  .ts    may   be   desireil  :  and    the    possibilities    of    the    cird 

Comparative  way.  s\stem  are  in  evidence  .it  their  best  in  just  such  a  place. 

When   one  is   sightseeing   he   sliould    be   supplied  with  The    cards    are    best     tiled    in    a    lixed    cabinet,    many 

sketchbook    and   i  ule  (jr   k<idak.     Of   couise,  leference   is  ingenious  varieties   of  which  are  h.indled  bv  well-known 


made  to  sightseeing  in  the   machinerv   line   onlv. 


impanic' 


of  the  best  sources  of   information  for  the  cird   svstem   is  The    tiist    question  in    .i  beginner's  mind    is,   "Shall    I 

what   a   person  sees  anil  hears.      lAir  instance,  the  writer  retain   mv  notebook.-"      It  is   not    necessary    if   the   card 

once    inspected,  and   was  much    interested    in,  a   foiced-  svsteiii  is  carefullv  classified  and  labelled  envelopes  used, 

draught    system   which    an    in.geniiais  mill   foreman   had  These  envelopes  for  indexing  can  be  obtained  from  any 

devised  to  assist   in   burning  wet   redwood  sawdust  and  cird  index  companv.    In  them  can  be  kept  stray  clippings, 

slabs.     The  information   and   remarks    were   put   on   one  aiticles,    neg.Uives,    samples    of    emery,    polishing    com- 

card,    a    sketch    of    the    tuyeres   on    .mother,    ,1    skeleton  pounds,  ehemical  tests,  filings,  sc.ile,  sediment,  etc.    They 
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should  be  ihc  same  si/c  as  the  cards,  and  can  be  liled 
right  among  them. 

It  is  well  to  have  a  little  morocco  case  that  will  neatly 
hold  and  protect  at  least  fifty  cards,  in  order  that  those 
relating  to  any  given  subject  or  group  of  subjects  may 
be  carried  in  the  pocket  for  reference  when  required. 
Suppose  one  is  installing  or  liguring  to  install  a  centri- 
fugal pun-,p,  and  has  to  see  the  pump  or  talk  with  the 
customer  frequently.  It  would  be  well  to  have  his  avail- 
able data  and  former  estimates  in  his  pocket,  that  he 
miglit  dn>p  intii  a  quiet  corner  and  consult  them  if  per- 
plexed,    ^lemory  cainiot  be  absolute. 

Large  drawings  in  the  engineer's  ofiice  nui-t  be 
cla>sitied  with  the  books  and  periodicals  of  which  the 
cards  are  the  inde.x.  They  can  be  filed  according  to  any 
of  the  approved  drawing-room  and  library  systems  ;  but 
the  object  of  the  card  sy>tem  ends  with  the  ability  to  ease 
the  burden  on  memory,  systematise  technical  data,  con- 
stantly eliminate  that  which  is  obsolete,  and  be  able  to 
utilise  the  remainder  at  a  moment's  notice  and  to  the  best 
advantage. 


Water  Tube  Boilers. 

The  report  on  the  trials,  under  the  direction  "i  the 
Boiler  Committee,  of  H.M.S.  Sheldrake,  Seagull,  Espici^Ic, 
and  Ftvitoiiic  has  been  issued  as  a  blue  book.  The 
Sheldrake  and  Espieglc  are  fitted  with  Babcock  and 
Wilcox  boilers,  and  the  Seagull  and  Faiitoiue  with 
Xiclausse  boilers. 

With  certain  exceptions,  no  trouble  was  experienced 
with  the  boilers  and  engines  of  the  SJieldrakc  on  the 
short  trials. 

The  machinery  and  boilers  of  the  Espiegle  worked 
satisfactorily  on  all  the  trials,  but  the  safety  valves  on  at 
least  one  boiler  were  leaking  during  the  trial  at  1,000  h.p. 

The  machinery  and  boilers  of  the  Siagnll  worked 
satisfactorily  throughout  the  short  trials,  except  that  con- 
siderable trouble  was  experienced  with  the  boiler  safety 
valves. 

The  machinery  of  the  Fan  tome  gave  no  trouble 
throughout  the  trials.  The  boilers  also  worked  satis- 
factorily, except  that  on  the  full-power  trial  there  was 
difficulty  in  keeping  steam  for  the  power  required,  and  it 
was  considered  that  this  was  probably  due  to  soot  on  the 
boiler  tubes. 


Testing  Wire   Ropes. 

The  Burgundy  sectiuu  ot  the  Sociclc  dc 
riiuiiisln'c  MincraJe  has  appointed  a  com- 
mittee for  studyingcjuestions  connected  with  wire 
ropes;  and  the  following  remarks  were  made  by 


the  President  of  that  committee,  M.  de  Morgues, 
in  a  commimication  on  testing  : — 

The  chief  difficulty  encountered  in  the  testing 
of  wire  ropes  is,  not  the  machine,  but  making 
fast  the  rope.  Empirical  formulae  have  gener- 
ally been  employed  for  determining  a  rope's 
strength  from  knowledge  of  that  possessed  by 
its  component  parts.  A  judicious  choice  from 
among  all  these  formulae  would  be  difficult  ;  and 
the  author  is  not  going  to  propose  a  new  one, 
but  only  to  seek  after  a  programme  of  investiga- 
tion for  throwing  light  on  the  different  conditions 
under  which  ropes  are  subjected  to  strain.  In 
this  connection  there  are  five  factors  to  be  con- 
sidered— diameter  of  wire,  resistance  per  unit 
of  sectional  area,  number  of  deflections,  elonga- 
tion and  "cablage  "  (pitch  and  torsion). 

The  author  described  his  compilation  of  a 
table  recording  the  results  given  by  the  direct 
testing  of  twenty  new  ropes  not  exceeding 
100  tons  in  total  resistance  ;  and  side  by  side 
with  these  results  he  placed  those  arrived  at  by 
means  of  the  various  formuhe,  sliowing  wide 
divergence.  M.  Bouchard  followed  with  some 
particulars  as  to  the  testing  machines  at  Blanzv. 
Three  machines  for  testing  ropes  are  employed 
at  the  Blan/.y  Colliery — one,  of  100  tons,  for 
tensile  strains  ;  another,  of  25  tons,  for  tensile 
strain  and  elongation  ;  and  the  third  for  deflec- 
tion tests.  The  first  two  depend  upon  the  same 
principle — direct  tension,  with  special  means 
for  holding  the  piece  of  rope  to  be  tested.  One 
of  these  hold-fasts  is  attached  to  the  end  of  a 
screw^  travelling  in  a  iixed  nut  ;  and  the  other  is 
connected  with  a  steel-yard,  by  means  of  which 
the  tension  effected  by  the  screw  is  balanced. 

In  the  third  machine  the  deflection  tests  are 
made  by  holding  the  piece  of  wire  to  be  tested 
between  two  jaws  rounded  toa  5-nulimetre  (-,'',.  in. 
full)  radius;  and  the  other  end  is  held  in  a 
movable  vice,  in  a  plane  perpendicular  to  the 
line  of  contact  of  these  jaws,  round  an  axis 
passing  through  that  line,  while  a  special 
arrangement  permits  of  reading  the  number  of 
revolutions  made  by  this  latter  vice  before 
fractiue  ensues. 


THE   COOPER  HEWITT   HERCURY  VAPOUR 
LAMP    AND    5TATIC    CONVERTER. 


OHOL'LD  tlic  claims  made  for  the  Hewitt 
^  Mercury  Vapour  Lamp  he  substantiated 
by  results  in  practice,  and  there  certainly  seems 
to  be  no  valid  reason  why  they  should  not  be, 
the  complacency  of  those  who  are  of  opinion 
that  the  last  word  has  been  spoken  in  the 
matter  of  electric  lighting  is  like  to  receive  a 
rude  shock.  For  despite  certain  drawbacks, 
which  are  all  on  the  surface,  the  proved 
advantages  of  this  lamp  are  such  as  to  ensure 
a  great  vogue  for  it  when  it  comes  on  the 
market.  The  lamps  have  now  been  on  ex- 
hibition in  the  London  offices  of  the  British 
Westinghouse  Company,  in  Norfolk  Street, 
since  the  beginning  of  the  New  ^'ear,  and  at 
a  reception  held  by  Mr.  George  Westinghouse, 
on  the  9th  of  January,  the  principles  of 
operating  ihe  lamp,  and  of  the  allied  invention 
known  as  the  Hewitt  Static  Converter,  were 
demonstrated  to  an  audience  comprising,  among 
other    leaders    in    the    worlds    of    science    and 


industry,  Lord  Kelvin,  M.  Maurice  Leblanc, 
M.  Emile  Garcke,  and  Mr.  Charles  Merz,  the 
well-known  consulting  engineer. 

As  mav  be  inferred  from  the  name,  the  light- 
giving  element  in  the  new  lamp  is  the  vapour 
of  mercury.  The  lamp  takes  the  form  of  a 
long  glass  vacuum  tube,  with  a  bulb  at  one  end 
— those  in  Westinghouse  Building  are  mostly 
about  3  ft.  to  4  ft.  long  by  i  in.  diameter — 
exhausted  of  air  and  containing  only  mercury 
and  mercury  vapour.  Electrodes  are  fused 
into  the  glass  at  each  end,  and  it  is  found  that, 
once  started,  the  column  of  mercury  vapour 
conducts  the  electric  current  between  the 
electrodes,  and  in  so  doing  it  is  heated  to  an 
incandescent  state,  and  becomes  brilliantly 
luminous,  the  lamj")  when  running  resembling 
a  bar  of  brilliant  light. 

The  most  remarkable  feature  of  the  new 
light  is  its  peculiar  colour.  There  is  an  entire 
absence   of   red   ravs,  and  in   consequence   all 
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The  Cooper-Hewitt  Lamp. 


reds  cease  to  be  of  any  account,  and  con- 
siderable colour  distortion  is  produced;  ilesh 
tints  in  particular  assume  a  curious  mottled 
purplish  hue.  By  the  use  of  certain  dve-stufis 
in  reflectors  or  screens,  or  by  the  inter- 
mingling of  red  lamps,  this  hue  may  be 
modified  to  a  very  pleasing  colour.  Again, 
experiments  have  proved  that  the  presence  of 
certain  foreign  substances  in  the  mercurv 
vapour  render  the  light  more  agreeable  for 
aesthetic  purposes. 


THE    HEWITT    MEKl  LRV    VAPOUR    LAMP. 

The  inventor,  however,  maintains  that  for 
a  great  number  of  purposes,  the  absence  of  red, 
well-known  as  the  colour  most  exciting  and 
fatiguing  to  the  eyes,  is  a  distinct  advantage. 
The  efliciency  of  the  lamp  is  at  least  twice  that 
of  the  arc,  and  eight  times  that  of  the  incan- 
descent lamp  ;  its  life  is  theoretically  infinite, 
but  after  1,200  or  1,400  hours  the  glass  usually 
becomes  slightly  dimmed,  and  it  is  then  advis- 
able to  open,  wash,  re-exhaust,  and  again  seal 
up  the  tube,  after  which  process  it  is  as  good  as 


new.  The  lamps  may  be  bent  to  any  shape,  and 
may  be  of  any  size  from  3  in.  x  i  in.  to  12  ft.  x 
3  in.,  giving  all  candle-powers  from  10  to  10,000. 

Owing  to  its  shape,  the  lamp  emits  a  re- 
markably well-diffused  light,  which  does  not 
cast  heavy  black  shadows  like  the  arc.  This 
is  of  great  importance  in  factories,  where  it  is 
necessary  for  the  workers  to  see  round  their 
work.  It  is  also  an  invaluable  feature  for 
photographic  purposes.  Indeed,  it  is  claimed 
that  in  some  instances,  as  in  portrait  work, 
where  the  illumination,  being  constant  and, 
consequently,  the  exposure  nearly  constant,  the 
photographer  can  devote  his  entire  attention  to 
the  artistic  arrangement  of  lights  and  shades, 
the  new  light  is  even  superior  to  daylight.  The 
light  is  rich  in  ''actinic,"  or  chemical,  rays,  and 
has  been  used  with  success  in  forcing  plants,  in 
bleaching,  and  as  a  germicide. 

The  allied  invention  known  as  the  Hewitt 
Static  Converter,  which  is  as  yet  only  in  the 
laboratory  stage  of  its  development,  depends 
for  its  principles  of  operation  on  the  curious 
properties  of  mercury  vapour  as  an  electrical 
conductor,  in  that  it  will  transmit  only  uni- 
directional current.  Thus,  when  connected  to 
an  alternating  current  supply,  current  passes 
through  in  one  direction  only,  the  currents 
flowing  in  the  opposite  direction  being  arrested 
and  absorbing  no  power.  It  has  long  been 
recognised  that  the  distribution  of  electric 
power  over  large  areas  is  only  economically 
possible  by  the  aid  of  alternating  current,  but 
there  are  many  uses,  such  as  electric  tramways 
and  railways,  arc-lamps,  accumulators,  and 
electro-chemistry,  for  which  direct  current  is 
preferable,  and  in  some  cases  absolutely 
essential.  Hitherto,  machines  known  as 
"rotary  converters,"  or  "motor-generator" 
sets,  have  been  used  for  this  purpose  ;  both  of 
these  are  costly  and  complicated,  they  require 
constant  expert  attendance,  and  must  be  in- 
stalled in  specially  arranged  sub-stations.  The 
Hewitt  converter  has  no  moving  parts,  requires 
no  attention,  it  is  simple,  inexpensive,  and 
extremely  efhcient,  the  efficiency  for  ordinary 
tramway  work  being  about  98  per  cent.  It  can 
be  installed  in  manholes  or  pits  anywhere, 
and  any  number  may  be  operated  together. 
In  short,  it  seems  likely  that  the  commercial 
development  of  tliis  device  will  mark  a  great 
step  in  advance  in  the  electrical  industry. 


OIXCE  the  series  of  ^articles  in  the  Times 
^  on  Municipal  SociaUsm  bei^^an.  discussion 
has  become  general  on  a  subject  which  has 
been  exercising  the  minds  of  the  thoughtful  for 
a  long  time  past.  The  Times  did  not  discover 
anything  that  was  not  previously  known  to 
those  who  concern  themselves  with  social 
economics,  but  it  brought  into  general  surve\- 
matters  which  had  previously  been  the  anxious 
study  of  the  few.  I  do  not  in-o])ose  to  dis- 
cuss these  articles,  the  matter  of  which  has  been 
already  pretty  well  ventilated  and  commented 
on,  a})provingl\-  and  otherwise.  The\-  havi' 
been  accused  of  ha\'ing  too  much  special  plead- 
ing about  them  :  but  that  is  not  a  just  charge. 
The  object  of  them  was  to  indicate  a  certain 
social  and  economic  set  of  the  ])criod.  and  ever\- 
incident  and  illustration  was  iiecessar\-  to  deli- 
neate the  situation.  There  has  been,  however,  a 
good  deal  of  confusion  in  the  subsequent  discus- 
sion between  Munici})al  Socialism  and  Municipal 
Trading.  The  terms  do  not  necessarih'  mean  the 
same  thing,  although  tlie  former  almost  oi 
necessity  connotes  the  latter.  There  are  cer- 
tainly many  advocates  ol  the  muiii(ipali>ali()n 
of  industries  who  are  1)\-  no  means  Socialists. 
And  there  are  innumerable  instances  of  muni- 
cipalisation  which  are  not  the  dirt'ct  result  of  the 
efforts  of  the  Socialists  or  of  the  niunicipaliser>. 
but  which  have  simply  grown  out  ol  local 
circumstances.  Nevertheless,  the  efforts  of  the 
Socialist  are  plainly  to  obtain  a  controlling  voice 
in  public  authorities,  so  as  to  promote  the 
municipalisation    and    nationalisation    of    l)otli 


productive  and  distributive  industries  anc 
agencies.  And  that  way  Tammany  lies.  Tam- 
man\-  means  corruption  and  extortionate 
taxation. 

The  gravit\-  of  the  undernoted  conclusions 
from  the  facts  set  forth  in  the  Times  and  else- 
where, cannot  be  ignored  : — 

Thai  llie  uiihouiKlccl  extent  t(i  which  the  priiiLipIc  - 
inunicii->ali>ation  is  being  carried  by  local  authoritie-  i 
whether  intentionally  so  or  not,  in  strict  accord  with  th 
aspirations  (,r  the  avowed  Socialists  in  their  desire  h 
secure  the  creation  of  a  CoUectivist  vState,  and  th 
tiansier  to  popularly-elected  bodies  not  only  oi  a 
'■  pubhc  services."  Init  of  innumerable  trades  and  a 
the  means  of  remunerative  employment. 

That  there  has  ah'eady  been  spread  tlirou.uhout  il 
Kind,  by  Socialists,  trade  unionists,  and  others,  a  netw  ■; 
of  organisation  whi^h  aims  at  either  the  captuie  > 
municip.alities,  or  the  attainment  through  them  ol  ^u 
licieiit  power  to  secure  (in  the  interests  of  Socialism'  a 
unlimited  expansion  of  the  principles  of  municipalis.i;  k  i 
and  direct  emplo\  nieiit,  as  a  steppin.i^-stone  tothereali-, 
lion  of  the  full  Soci.ilist  pro.iiramme,  and  {in  the  interi.s 
ot  the  Labour  mo\ement)  the  exercise  on  them  o|  a  t'l 
Irollin.i;  voice  by  trade  unionism,  with  the  object  ■ 
inakin.i;  not  only  the  local  j^overnin.U  bndies  theniselve 
but  all  business  funis  havin.ti  dealings  with  them,  sub't- 
to  the  laws  .md  re,i;idations  of  the  laboui'  unitms. 

Th.it  this  network  of  ort^aiiisation  is  steadily  wideiiii: 
its    aims     and    incieasinti  its    stren.ijth,   one  of  the  late 
developments    bein.u    an    association    which    is   to   bi  ii 
into    one     hotly    all    town    councillors    and     membei - 
urban,  district,  and  count v  councils  who  are  members 
the    Social    Democratic    I'Vderation,    lor  the  purpose 
cxtendin.y  municip.disation,  municipal  trading,  municip 
hoLisiii.u,  etc.,  bv  means  of  conferences  in  various   tow 
and  an  active  propa.i^.mda    controlled  fiom    headquarte 
in  Manchester. 

I'hat  the  well-beinji  of  I^ritish  local  t,fovernment,  tl 
vi.^orous  assaults  by  foreign  rivals  on  our  industrial    ai 
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commercial  position,  and  the  best  interests  of  the  nation 
at  large,  all  lend  emphasis  to  the  demand  that  carte 
blanche  should  not  be  given  to  Socialists,  semi-SocialisIs, 
trade  unionists,  political  agitators,  and  faddists  of  all 
descriptions  to  exploit  municipal  government  for  the 
furtherance  of  their  own  particular  schemes  or  crotchets 
the  prospect  of  success  in  these  directions  being  increased 
in  proportion  as  the  Labour  representatives  provide  well- 
paid  and  easy-going  municipal  employment  for  those 
who  elect  them. 

That  the  Socialist-Labour  organisation,  which  aims  at 
the  capture  of  the  municipalities,  will  also  be  available, 
and  it  is  to  be  used,  for  political  purposes  in  securing  as 
many  seats  as  possible  in  the  Imperial  Parliament,  so 
that,  among  other  things,  the  Labour  members  be  in  a 
position  to  overthrow  the  decisions  of  Judges  in  the 
Courts  of  law. 

That  the  energy  and  earnestness  of  the  Socialist  Labour 
party  are  in  marked  contrast  to  the  apathy  and  indifference 
f  the  ordinary  middle-class  citizen. 

A     FORMIDABLE     OBJECTION. 

The  greatest  danger  attaching  to  or  threatened 
by  municipal  sociahsm  in  a  nation  of  representa- 
tive government,  seems  to  be  the  bureaucratic 
one.     With  an  army  of  employees,  every  one  of 
whom  is  an  elector,  or  can  influence  the  voting 
machinery,    there    is   a   power   for   evil   whose 
potential  magnitude  can  hardly  be  exaggerated. 
The   creation   of   a   privileged   class   of   public 
employees  is  opposed  to  the  comfort  and  well- 
being   of   all   other   classes.     In    all    the    large 
municipalities  there  are  already  enormous  num- 
bers   of    municipal    employees    whose    special 
interest  it  is  to  continue  the  municipal  enterprise 
in  which  they  obtain  employment,  whether  it  is 
{profitable  or  beneficial  or  ptherwise.     As  more 
than  one-third  of  a  municipal  electorate  seldom 
go    to    the   poll,    the    vote    of   such    interested 
employees  may  at  any  time  decide  the  issues.    In 
a  large  number  of  the  populous  cities  the  larger 
proportion  of  the  inhabitants  live  in  tenements, 
the  rates  of  which  are  paid  by  the  landlords.  These 
compound  householders  do  not  directly  feel  the 
cost  of    increased  taxation,  and,  therefore,  are 
undeterred    by    considerations    for    their    own 
pockets  from   advocating  and  supporting  any 
kind  of  municipal  enterprise  at  the  risk  of  the 
rates.     If  the  municipal  employee  were  disfran- 
chised, as  has  been  recently  and  reasonably  urged 
he  should  be,  a  certain  amount  of  danger  would  be 
lemoved.     But  not  all,  for  the  compound  house- 
holder would   still    be   an    instrument   for   the 
municipalisers'     designs.     The    Committee    on 
Municipal  Trading  in  1900  heard  considerable 


evidence  about  the  voting  power  of  municipal 
employees.  And  it  was  pointedly  urged  by  some 
witnesses  that  any  man  takmg  employment 
under  a  municipality  should  not  be  allowed  to 
vote  for  municipal  purposes  whilst  so  emi)loyed. 
This  is  not  only  reasonable,  but  in  just  har- 
mony with  the  principle  upon  which  employers 
who  have  public  contracts  are  debarred  from 
membership  of  municipal  and  local  representa- 
tive bodies.  Whether  a  Parliament  will  ever 
arise  to  provide  this  safeguard  one  canno 
say,  but  the  absence  of  it  is  one  of  the  most 
formidable  objections  to  the  whole  system  of 
municipal  enterprises,  involving  the  large  em- 
ployment of  labour. 

EXTRAVAGANCE     OF      MUNICIPAL     TRADING. 

It  is  claimed  for  municipal   trading   that   it 
provides  or  permits  of  comprehensive  treatment, 
secures  the  avoidance  of 'the  expenditure  and  waste 
of    effort  due  to  severe  trade  competition,  and 
establishes  a  controlling  authority  to  which  the 
consumer  can  more  readily  complain  when  he  has 
a  grievance   to    remedy,     I  do  not  attach  an>- 
weight  to  any  of  these  claims.     On  the  con- 
trary, there  is  much  less  stimulus  to  economy  in 
management  under  public  than  under  private 
control.     There  is,  indeed,  a  frequent  if  not  a 
prev^ailing    stimulus    to    extravagance     to    do 
things  in  a  style  "  worthy  of   this  great  com- 
munity."    Then  there  is  the  inevitable  de-^ire  to 
placate   the  working-class    electors   bv  paying 
unnecessarily     high    wages     to    all     industrial 
employees  of  the  municipality,  and  to  employ  as 
many   persons   as   possible   rather   than   adopt 
labour-saving    devices.     There    is,   further,   the 
conservatism    which    seems    to     attach    to    all 
departmental    institutions,    a    clinging    to    the 
method  which  is  and  has  lieen,  and  to  regard 
with    disapproval    all    new    a[)pliances    which 
disturb  the  current  course  of  operations.     Cer- 
tainly a  municipal  workshop  is  the  last  place  in 
the   world   in   whicli   one   would   look    for   the 
"  scrapping "     of     improved-u]Hjn     jilaut,     tin- 
promptness   to   do   which    is   among   the   most 
lauded  of   "  American  methods."     In  all  State 
and  munici[)al  undertakings  the  disposition  i.s  to 
adhere  as  long  as  possible,  and  usu.illy  a  threat 
deal  longer  than  is  jirorttable  or  desinilile.   to 
established  forms  antl  customs.     Besides  thcse 
disadvantages      municipal      tradin;'      '■  ■-      '' 
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grave  fault  of  discouraging  and  harassing 
private  enterprise  —  actually  or  potentially 
interfered  with.  As  there  is  now  scarcely  an 
enterprise  into  which  some  municipality  has  not 
intruded,  or  proposed  to  intrude,  the  investment 
of  private  capital  and  cultivation  of  individual 
effort  are  checked  in  all  directions. 

VALUE     OF     INDIVIDUALISM. 

The  initial  and  fundamental  objection  to 
municipal  trading  in  the  abstract  is  that  it  is 
entirely  opposed  to  the  system  of  individualism, 
upon  which  the  prosperity  of  the  British  Empire 
is  based.  It  is  the  individual  trader — not  the 
State,  by  protection,  or  subsidies,  or  special  aids — 
who  has  built  up  our  great  international  com- 
merce. It  is  the  individual  manufacturer — 
certainly  not  the  Government  Inspector — who 
has  built  up  our  industrial  system  to  an  extent 
that  not  even  "  American  methods  "  or  German 
Imperial  industrialism  can  destroy.  We  cannot 
improve  the  national  position  by  arbitrarily 
changing  the  system  by  which  it  has  l^een 
achieved.  To  replace  individualism  by  Socialism 
would  be  to  paralyse  the  energies  which  have 
made  the  nation  great.  This  does  not  mean,  of 
course,  that  some  matters  of  public  business 
should  not  be  conducted  by  the  State,  either 
in  its  Parliamentary  or  municipal  aspects.  Ojie 
recognises  the  telegraph  system,  for  instance, 
as  a  proper  form  of  State  enterprise  in  this 
country,  although  in  x\merica  the  telegraphs  are 
worked,  as  they  used  to  be  here,  by  companies, 
which  is  to  say,  by  private  enterprise.  One 
admits  the  provision  of  water  and  of  gas  to  be 
permissible  subjects  for  municii)al  enterprise, 
although  in  the  majority  of  cases  both  gas  and 
water  are  provided  by  com})anies.  Yet,  even 
with  regard  to  these  the  municipal  function  is  not 
beyond  dispute. 

LEGITIMATE     AFFAIRS     FOR     MUNICIPALITIES. 

One  can  hardly  draw  a  broad  and  general 
line  beyond  which  municipal  enterprise  should 
not  go,  because  local  circumstances  differ  so 
much.  What  would  be  undesirable  in  most 
cases  may  become  indispensable  in  some  })arti- 
cular  case.  Glasgow,  for  instance,  was  compelled, 
as  a  municipality,  to  seek  a  supply  of  water  in  a 
Highland  loch,  and  to  construct  a  vast  line  of 
aqueducts  to  bring  it  to  the  city,  but  it  does  not 
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follow  that  every  municipality  should  establis 
and  maintain  its  own  water  supply.  At  tb 
same  time,  there  is  this  to  be  said  of  water  as  ( 
gas,  that  each  is  a  necessity  of  modern  industri; 
as  well  as  social  life,  and  that  the  welfare  c 
the  whole  community  depends  upon  the  suppl 
being  brought  within  the  reach  of  all  on  th 
least  onerous  conditions.  The  community  mus 
have  street  lighting  for  police  purposes,  an 
abundant  water  for  sanitary  purposes,  an 
therefore  the  supply  of  both  by  the  municipalit 
is  justifiable,  and  is  often  indispensable.  Of  th 
product  of  any  enterprise  undertaken  by 
municipality,  it  should  be  evident  that  it 
necessary  to,  and  used  by,  the  whole  body  c 
those  who  have  to  pay  the  rates.  It  may  b 
said  of  gas,  of  course,  that  many  people  do  nc 
use  it,  and  that  most  can  do  without  it  if  the 
please.  But  this  applies  to  household  consumj: 
tion  only.  For  the  lighting  of  streets  and  publi 
places  it  is  necessary  to  the  security  and  comfort  c 
the  inhabitants  as  a  whole.  Therefore,  the  utilit; 
belongs  to  the  whole  community.  Then  ga 
making  is  a  steady  and  a  lucrative  business 
when  carried  on  on  a  large  scale,  and  as  gas  i 
necessary  to  the  life  and  social  order  of  a  towr 
it  is  not  unreasonable  that  a  municipality  ii 
making  gas  for  its  own  use  should  give  th 
ratepayers  the  benefits  of  the  profits  of  produc 
tion  in  lower  gas  rates.  While,  however,  gas 
making  is  a  justifiable,  and  may  sometimes  be  ; 
necessary  form  of  municipal  enterprise,  it  is  no 
by  any  means  necessarily  so,  and  towns  can  be 
and  are,  as  well  and  economically  served  b 
private  enterprise  as  they  could  be  by  municipa 
management.  The  only  thing  of  which  on 
could  sav  without  reservation  that  it  is  ai 
indispensable  subject  tor  nmnicipal  enterpris* 
is — sewage.  In  this  country,  at  any  rate,  th 
collection  and  disposal  of  sewage  by  privatt 
enterprise  would  end  in  hopeless  and  dangerou: 
inefficiency  ;  yet  there  are  places  in  Americ; 
where  even  the  sewage  system  is  managed  bj 
companies. 

PROFITS     AND     LOSSES. 

It  has  been  suggested  that  municipal  enter 
prise  may  in  turn  be  checked  by  lessening 
the  borrowing  powers  of  municipalities,  and  b 
forbidding  them  to  trade  for  profit.  But  it  i 
questionable  if  the  borrowing  powers  of  grea 
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and  growing  communities  can  be  arbitrarily 
limited.  The  rapid  growth  of  municipal  debt 
is  not  a  good  thing,  but  neither  would  be  the 
crippling  of  the  municipal  spirit.  If  the 
borrowing  powers  of  municipalities  are  too 
severel}'  limited  they  will  neglect  or  curtail 
expenditure  on  matters  which  the\'  should 
attend  to. 

Then,  again,  as  to  trading  without  profit.  No 
undertaking  can  be  carried  on  without  profit, 
except  at  a  loss.  You  cannot  debar  a  municipality 
from  working  at  a  loss,  and  therefore  you  cannot 
prevent  working  at  a  profit.  If  all  profit  is  to 
be  annexed  by  the  ratepa^-ers  in  reduction  of 
rates  the  consequence  will  be  a  very  unequal 
distribution  of  benefits.  If,  for  instance,  profits 
on  the  gas  supply  are  paid  over  to  the  rates,  then 
the  large  consumer  of  gas.  for  industrial  or 
other  purposes,  is  practically  helping  to  pay 
the  rates  of  the  small  consumer,  who  may 
nevertheless  be  a  much  wealthier  man.  This 
is  saddling  the  individual  with  an  unjust  pro- 
portion of  the  burden  of  the  community.  If, 
again,  a  municipal  undertaking  is  carried  on  at  a 
loss — say  a  tramcar  or  a  telephone  service,  or  a 
gas  or  water  supply — that  is  unjust  to  the  rate- 
payers, because  it  is  making  them  pay  for 
non-commercial  benefits  enjoyed  by  others. 
In  the  case  of  the  Tunbridge  Wells  telephones, 
the  Corporation  of  that  town  decided  to  abandon 
the  system  as  a  municipal  enterprise  when  it 
showed  a  loss,  because  that  loss  had  to  be 
made  good  out  of  the  rates.  But  what  would 
they  have  done  had  there  been  a  profit  ?  And 
what  will  Glasgow  do  if  its  much  more  extensive 
municipal  telephone  system  results,  as  is 
anticipated  by  close  students  of  the  conditions, 
in  substantial  loss  ?  The  mention  of  Glasgow 
recalls  the  interesting  fact  in  municipal  trading 
that  this  city  is  authorised  by  Act  of  Parliament 
to  make  good  any  loss  on  the  municipal  tele- 
phones out  of  the  rates,  but  is  forbidden  by  Act  of 
Parliament  to  so  make  good  any  loss  that  may 
be  made  on  the  municipal  tramways,  or  to  ajjply 
any  profits  from  the  tramways  to  the  reduction 
of  rates.  The  two  provisions  are  inconsistent, 
but  are  explainable  on  the  ground  that  in 
Glasgow  the  tramways  are  not  regarded  as  the 
property  of  the  Corporation,  but  as  belonging  to 
the    common   good,  or  capital  property  of  the 


burgesses,  not  the  ratepayers.  This  is  a  muni- 
cipal technicality  which  the  i)lain  man  cannot 
easily  follow. 

GROWTH     OF     MUNICIPAL     TRADING. 

It  is  exceedingh-  doubtful  if  any  law  for- 
bidding municipalities  to  trade  at  a  profit  could 
be  enforced.  Besides,  in  the  complications  of 
municipal  book-keeping  it  would  be  as  easy  to 
conceal  a  profit  as  it  is  to  conceal  a  loss.  And 
look  at  the  hst.  It  is  now  the  usual  thing  for  a 
municipality  not  merely  to  equip  but  to  operate 
its  tramway  s\'Stem,  and  that  brings  in  such 
allied  undertakings  as  car  factories,  brass 
foundries,  engineering  shops,  the  manufacture 
of  engines,  dynamos,  electric  fittings,  etc.  The 
provision  of  the  gas  supply  has,  in  some  cases, 
led  to  the  manufacture  of  gas  fittings  and  stoves. 
Municipal  telephones  are  extending,  notwith- 
standing the  avowed  loss  in  Tunbridge  and 
the  suspected  loss  in  Glasgow.  One  finds  up 
and  down  the  country  municipal  undertakings 
for  the  supply  of  cold  air  storage,  Turkish 
baths,  ice,  milk,  and  cycle  tracks.  One  finds 
municipal  concert  rooms  and  lecture  halls, 
municipal  hotels  and  restaurants,  municipal 
shops  and  lodging-houses.  Municipal  collieries 
have  been  proposed  for  Glasgow  and  some 
other  towns.  And  there  are  projects,  some  of 
which  may,  perhaps,  have  already  been  put  into 
effect,  for  municipal  banks  of  deposit,  municipal 
notes  of  currency,  municipal  fire  insurance, 
municipal  bakeries,  municii)al  pawnshops,  and 
municipal  drinking  bars.  We  have  not  ex- 
hausted the  list  by  any  means  ;  Glasgow,  for 
instance,  has  gone  the  length  of  providing  and 
maintaining  municipal  golf  courses ;  but  we  have 
mentioned  enough  to  indicate  the  comple.xity 
of  the  situation. 

On  this  point  note  the  following  extract  trom 
an  article  in  the  Edinburgh  Review  : — 

The  satisfaction  wliicii  inunicipal  authorities  have  felt 
at  the  perlorinaiicc  of  their  duties  has  led  to  a  desire  for 
further  respoiisihihties.  .Altemi^ts  have  tlierefure  been 
made  from  time  to  time  to  ol^taiii  an  extension  of  the 
scope  of  municipal  undertakinj^s  in  directions  which  are 
far  more  open  to  criticism  than  the  provision  of  either 
water,  locomotion,  or  liyht,  or  the  renderinj^  of  servicer 
connected  with  local  tiovernment.  Hy  an  Act  of  |S«» 
power  was  ^iven  to  a  .Midland  corporation  l">  provide 
Turkish  baths.  In  kjoo  power  was  soujjht,  .i' 
things,  to  provide  apparatus  for  jjames  and 
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be  used  presumably,  but  not  necessarily,  on  recreation 
grounds  established  by  the  authority.  In  another,  power 
was  sought  to  provide  refrigerators  and  cold  ice  stores 
for  the  preservation  of  marketable  articles,  and  to  sell 
ice.  In  another  it  was  proposed  to  provide  bathing 
tents.  In  another  tailoring  was  contemplated  ;  saddlery 
in  another.  In  several,  power  was  asked  for  to  construct 
and  manage  refreshment  rooms  in  parks.  By  many 
corporations  the  power  of  manufacturing,  as  well  as 
supplying,  electrical  fittings  was  demanded,  and  in  three 
cases  efforts  were  made  to  acquire  the  privilege  of  pro- 
viding entertainments  and  charging  for  admission. 

But  there  have  since  been  even  wider  attempts 
than  these  made  by  municipaUties  to  increase 
the  province  of  industrial  enterprise. 

DEPARTMENTAL     RIVALRIES. 

There  are  comicahties  about  municipal  enter- 
prise which  afford  cynics  a  grim  satisfaction  at 
times.  A  house  divided  against  itself  is  as  nothing 
to  the  rivalries,  disputations  and  obstructions  of 
competitive  or  envious  departments  of  the 
same  municipality.  In  Glasgow  one  has  heard 
of  the  head  of  one  department  half  drowning 
with  the  municipal  hose-pipe  a  body  of  municipal 
workmen  sent  by  another  municipal  department 
to  do  municipal  work  near  his  municipal 
premises,  to  which  he  objected.  One  has 
heard,  also,  of  the  bitter  cry  of  the  residents 
in  the  Second  City  at  the  successive  tearing  up 
of  the  same  thoroughfares  by  different  depart- 
ments, the  one  just  waiting  till  another  relaid 
the  s'reet  before  ripping  it  open  again.  Then, 
in  Leeds  the  other  day,  one  corporation  depart- 
ment summoned  another  for  permitting  its 
servants  to  break  the  Corporation  b\e-laws. 
The  magistrate  (not  a  municipal  one),  who  gave 
judgment  in  one  of  these  cases,  said  : — 

It  is  here  alleged  that  officials  of  the  local  authority 
have  deliberately  directed  those  over  whom  they  exer- 
cise control  to  violate  the  very  laws  of  which  a  printed 
copy  has  been  supplied  for  their  instruction  and  guidance. 
If  this  be  so,  it  seems  to  me  that  no  language  can  be  too 
strong  to  condemn  the  action  of  those  who  have  incited, 
nay  directed,  the  men  to  commit  open  and  tlagrant 
breaches  of  the  law.  If  such  a  thing  were  to  be  tolerated 
we  should  have  a  combination,  or  blend,  of  municipal 
government  with  municipal  trading  which  miglit  be  aptly 
described  as  municipal  chaos. 

Even  in  double-dyed  municipal  Battersea 
the  municipal  council  prosecuted  itself  for 
allowing  municipal  black  smoke  to  come  out  of 
municipal  chimneys  belonging  to  the  muni- 
cipal electr  c  works,  as  proved  by  a  municijxal 
inspector. 


HOUSING     THE     POOR  (?). 

Perhaps  in  no  branch  of  municipal  enterprise 
has  there  been  more  agitation  of  late  than  in 
that  of  house  building.  All  over  the  country 
a  movement  has  spread  for  the  better  housing 
of  the  poor.  The  object  is  admirable,  but  then 
nobody  knows  precisely  what  it  is.  Who  are 
the  poor  ?  Where  does  the  line  of  social  demar- 
cation exist  beyond  which  provision  ought  to 
begin  ?  And  ^^"ho  are  the  proper  providers  ? 
These  questions  are  unanswered,  and  in  present 
lights  are  unanswerable,  but  nevertheless  numer- 
ous municipalities  have  addressed  themselves  to 
])roviding  houses  of  sorts  for  people  of  kinds,  but 
not  of  the  kind  who  are  unable  to  find  dwellings 
for  themselves.  Glasgow  has  pulled  down  old 
houses  and  built  new  ones,  but  the  new  houses 
are  not  occupied  by  those  who  have  been  proud 
of  the  old  ones.  And  so  elsewhere.  Apart  from 
the  unsolved  problem  of  whether  any  class 
ought  to  be  provided  with  houses  (any  more 
than  with  coats  or  dinners)  from  the  municipal 
purse,  and  what  that  class  is,  the  building  ot 
houses  by  municipalities  has  been  at  a  higher 
cost  than  by  individuals.  A  municipality 
cannot  build  as  cheaply  as  a  private  builder  ; 
even  b\-  contract  it  lays  down  regulations  and 
restrictions  which  add  to  the  cost.  The  London 
County  Council  has  built  dwelling  houses  at  a 
cost  of  £230,000,  which  are  only  valued  at 
£95,000,  and  the  rents  are  too  high  for  the  people 
for  whom  the  houses  were  supposed  to  be  pro- 
vided. Liverpool  has  spent  two  millions  in 
building  dwellings  for  people  who  do  not  occupy 
them,  because  they  are  either  too  dear,  or  in 
other  respects  unsuited  to  the  needs  and  desires 
of  those  unhoused  from  the  old  dwellings. 
In  other  towns  municipal  dwellings  have  been 
erected  which  cannot  be  maintained  on  the 
rental,  and  which,  therefore,  form  a  charge 
upon  the  rates.  The  housing  problem,  how- 
ever, is  too  large  and  complicated  for  discussion 
on  a  side  track  of  the  general  line  of  this  paper. 
What  I  would  point  out  is,  that  without  under- 
standing its  conditions  the  municipalities  arc 
attempting  to  solve  it  in  the  wrong  way,  and  b} 
their  ill-directed  efforts  are  checking  the  enter- 
prise of  semi-philanthropic  private  companl  ■-. 
which  were  doing  excellent  practical  work  in  tin  ;i 
own  way,  and  for  a  bare  margin  of  interest. 
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MUNICIPAU     LIABILITIES. 

The  enormous  growth  of  the  local  indebtedness 
of   the   country   has   been    characterised    as    a 
danger  to  the  finances  of  the  country.     If  this 
seems  an     exaggeration  let  if  be  remembered 
that  this   local  debt    is    rapidly  assuming  the 
dimensions    of    the    National    Debt.     A    large 
portion  of  it,  no  doubt,  has  been  incurred  in 
respect  of  what  are  called  remmierative  under- 
takings, that  is  to  say,  municipal  enterprises  like 
water,  gas,  electricity  and  tramways,  that  yield, 
or  are  supposed  to  yield,  a  profit  on  the  working. 
But   then    the   term   also   includes   telephones, 
buildings,  and  other  enterprises  which  do  not, 
and   ])robably  never   will,    yield    a    profit.     It 
is  a  point  to  be  noted  that  rates  have  increased 
rapidly  along  with  the  development  of  so-called 
"remunerative  undertakings."     And  it  is  also 
a  point  to  be  noted  that  municipal  bonds  have 
not    appreciated    in     the     estimation     of     the 
investing  public,  probabl}^  because  of  this  pro- 
gressive increase  in  rating  which,  if  prolonged, 
must  lead  to  the  depreciation  of  the  rateable 
area.      Overtaxed   manufacturers    and    private 
residents  can  at  all  events  remove  their  factories 
and  their  households  to  cheaper  environments, 
and  this  does  not  make  for  the  security  of  the 
rates    against    loans.     If    the    great    financial 
institutions  of  the  country  are  not  very  eager 
to  invest  in  municipal  bonds  there  must  be  a 
reason  for  it.     And  the  reason  is  that  munici- 
palities are   investing    too    much   in   hazardous 
undertakings,   and   by   so   doing   are   menacing 
their  own  main  sources  of  revenue  and  security — 
the  ratepayers.     To  avoid  or  postpone   the  issue 
of  loans,  some  of  the  municipal  bodies,  like  those 
of   the  London  County   Council,  Liverpool  and 
Glasgow,  raise  money  from  time  to  time  on  their 
own  notes  of  hand,  or  bills,  at  six  months  and 
other  dates.     This  is  a  simple  and  easy  way  of 
financing  when  the  money  market  is  easy,  but 
what  of  times  of  financial  crises  ?     These  bills 
are  issued  to  suit  the  momentary  requirements 
of  the  municipal  borrower,  without  consideration 
of  the  present  and  future  of  the  money  market. 
Any  year  they  may  mature  at  a  time  when  they 
can     be    neither    retired    nor     renewed.     And 
then  would  result  panic.     The  scheme  of  finance 
adopted   needs   an   expert   banker  or   financier 
to  manage  prudently,  not  an  ordinary  municipal 


treasurer,  who  knows  little  or  nothing  of  the 
intricacies  of  the  money  market,  and  the 
influence  of  exchanges. 

BURDEN     OF    THE     RATEPAYERS 

Municii)al  rating  has  doubled  within  the  last 
quarter   of    a    century,    and    the    greater   part 
of  the  increase  has  been  in  the  last  ten  years  or  so. 
In  1875  the  local  debts  amounted  to  £92,820,000 
In  1901  the  amount  was  £330,000,000.    In  1875 
the  rate  of  municipal  debt  per  head  of  population 
was  £3  i8s.  3d.  ;    in  1900  the  proportion  was 
£9  4s.  4d.     Between  1875  and  1900  the  National 
Debt   was   reduced   by   £139,966,000  ;     but    in 
the   same   period  the  local  debt  was  increased 
by  £200,000,000.     In  the  last  six  years  of  the 
decade  ending  in  1900  the  local  borrowings  were 
about  one  hundred  millions  sterling.    And  of  the 
total  outstanding  amount  of  local  loans  it  may 
be   said    that   fully   one-half   are   for   purj^oses 
in  no  way  of  the  "  productive  "  order,  but  to  a- 
large  extent   for  undertakings  of  a  hazardous 
or    speculative    character.     Sir    Henry    Fowler 
demonstrated  to  the  Royal  Statistical  Society 
some  time  ago,  that  on  municipal  undertakings, 
for    which    eighty- three     millions     had     been 
borrowed,    and    which    yielded    an   income  of 
something  under  nine  millions,  only  one-eighth 
per   cent,    had   been    set    apart    for    deprecia- 
tion, and  the  net   average    annual    profit    was 
only  about  one-half   of  one    per    cent.  *  on  the 
borrowed  capital.     That  is  to  say,   they  were 
really  being  conducted  at  a  loss  in  the  aggregate, 
for  one-eighth  per  cent,   is  not   a  commercial 
allowance    for    depreciation.     The    investment 
has  been  much  larger  since  Sir  Henry  Fowler's 
scrutiny,  but  not  the  profit,  so  far  as  one  can 
gather.     And  private  enterprise  has  not   been 
encouraged,  but  checked,  during  recent  years  by 
municipal    interference,    as   well    as   by   severe 
foreign  comj^etition.     During  the  last  five  and 
twenty  years  or  so  the  local  rates  in  England 
and    Wales   have    risen    on    the    average    from 
i6s.  2d.  to  25s.  7d.  per  head  01  population  per 
annum,  while  the  rateable  value  has  increased 
by  over  50  per  cent.     To  juit  it  otherwise,  a  good 
deal  more  than  twice  as  nuich  as  was  raised  from 
local  rates  in  1875  is  now  being  raised,  altliougli 
the    local    exchequers   are    receiving   over    ten 
millions  jier  annum  more  from  .the  Imperial  taxes 
tlian  they  did  in  the  former  period.     ^Wliatever 


158 


Page's  Magazine. 


benefits  may  have  accrued  from  municipal 
trading  in  these  twenty-five  years,  they  have 
plainly  been  obtained  at  an  enormous  actual 
cost,  and  an  enormous  addition  to  the  liurden 
of  debt  upon  the  body  of  ratepayers. 

CONCLUSIONS. 

The  following  items  from  the  Times  summary 
of  conclusions  are  very  much  to  the  point  : — 

That  while,  in  the  case  of  some  of  the  large  towns  or 
elsewhere,  imincipal  undertakings  may  be  profitablv 
conducted  along  wise  and  efficient  lines,  municipal 
enterprise  generally  has  been  carried  to  excessive 
lengths,  especially  in  the  case  of  smaller  communities, 
or  those  where  there  is  a  lack  of  capable  business  men 
on  the  local  body,  with  the  result  that,  as  declared  in  the 
Accountant  of  September  27,  1902,  "many  of  the  trading 
departments  owned  by  local  authorities,  which  year  after 
year  are  being  made  to  show  profits  on  trading,  arc- 
practically  unsound,  and  must,  if  matters  are  allowed  to 
pursue  their  present  course  unchecked,  inevitably,  in  the 
course  of  time,  end  in  utter  collapse. 

That  the  direct  effect  of  unrestricted  municipal  enter- 
prise on  British  industries  is  a  matter  for  serious  con- 
sideration, the  results  being  especially  experienced  on 
the  follow^ing  lines  :  (a)  Absorption  by  municipalities  of 
industries  previously  left  in  the  hands  of  individuals  and 
companies  :  {b)  Competition  with  private  traders  in 
industries  which  the  latter  still  seek  to  carry  on  : 
[c]  Influence  of  municipal  action  in  checking  invention, 
industrial  progress,  and  independent  effort  ;  (d)  Pressure 
of  increasing  rates  on  industries  where  foreign  competition 
has  to  be  met,  and  cost  of  production  should  be  kept  to 
a  minimum  ;  (e)  Injury  done  to  the  interests  of  a  large 
number  of  professional  men — architects,  engineers,  and 
others— by  the  multiplication  of  public  officials  who 
readily  undertake  a  variety  of  schemes  or  designs, 
requiring    a    high    degree    of    technical    skill,    whether 


they  are  really  capable  of  dealing  with  them  or  not, 
thus  depriving  the  said  architects,  engineers,  and  others 
of  a  considerable  proportion  of  their  legitimate  business  ; 
and  (  f)  Prejudice  to  the  building  and  other  industries  by 
reason  of  direct  employment. 

Apart  from  the  question  of  finance,  the  exten- 
sion of  municipal  trading  is  to  be  opposed  on 
account  of  the  dangers  of  the  bureaucratic 
result  referred  to  earlier  in  this  article. 
The  duties  of  municipal  corporations  are 
to  supervise  and  control  the  affairs  of  the 
whole  community,  not  to  enter  into  competi- 
tion with  anv  section  or  classes  of  it.  Only  when 
private  enterprise  fails  to  supply  the  public 
needs  in  any  service  should  the  municipalit}^ 
become  })urveyor.  It  is  proper  that  an  urban 
corporation  should  lay  down  and  control  the 
tramwa}'  track  within  its  area,  because  a  public 
authority  should  have  command  of  the  thorough- 
fares ;  but  it  is  not  therefore  desirable  that  a 
corporation  should  operate  the  tramways,  which 
])rivate  enterprise  can  do  much  better.  It  is, 
further,  wholly  unwarrantable  for  any  munici- 
pality to  use  the  whole  public  funds  and  credit 
in  any  enterprise  such  as  serves  only  a  small 
])roportion  of  the  communitj' — as  for  instance, 
telephones.  And  it  is  both  improper,  unjust  and 
impolitic  for  any  municipality  to  enter  upon 
any  industrial  or  trading  undertaking  in  which 
private  enterprise  is  already  engaged,  such  as 
building,  baking,  banking,  tailoring,  etc.  The 
duty  of  a  governing  body  is  to  govern,  not  to 
trade. 


BY    THE 

WEST  AUSTRALIAN   CORRESPONDENT   OF  "  PAGE'S  MAGAZINE." 

The  author  gives  details  ol  the  scheme  designed  to  supply  the  town  and  mines  of  Coolgardie  with 
a  permanent  water  supply.  He  shows  the  exceptional  nature  of  the  district's  requirements,  describes 
the  methods  employed,  and  incidentally  deals  with  the  special  ditificulties  encountered  in  the 
execution  of  the  work  now  just  completed. — Editor. 


A  LREADY  gold  mining  had  been  carried  on 
'^"^  at  Southern  Cross  when,  in  1892,  some  pros- 
pectors, following  out  Hunt's  track,  camped  on 
the  present  site  of  Coolgardie.  Next  morning, 
while  they  were  saddling  up.  Bailie  and  his 
companion  rode  up,  and  while  talking  to  the 
departing  party  noticed  one  of  the  horses  kick 
up  a  nugget  of  gold. 

A  search  instituted  after  the  departure  of 
the  prospectors  revealed  a  seam  of  rich  gold,  and 
led  to  the  famous  Bailie's  reward  claim,  which 
opened  a  new  chapter  in  the  fortunes  of  Western 
Australia. 

The  approaching  summer  drove  prospectors 
coastward,  but  only  to  wait  for  the  winter  of 
1893,  when  hundreds  rushed  to  the  new  finds, 
returning  again  to  summer  in  the  settled  portions 
nearer  the  coast.  A  few,  however,  braved  the 
coming  summer,  many  of  the  latter  being 
rescued  from  perishing  by  the  blacks. 

SUPPLY     FROM     CONDENSERS. 

In  the  earliest  days  half  a  crown  per  gallon 
was  the  ruling  rate  for  water,  and  the  man 
who  could  always  obtain  sufficient  to  assuage 
his  thirst  was  considered  lucky,  for  frequently 
the  precious  fluid  was  doled  out  in  small 
quantities. 


Perth,  December  20th,  1902. 

The  advent  of  the  condenser  soon  produced  a 
reliable  water  supply  at  rates  varying  from 
6d.  per  gallon,  until  about  1897  nearly  all  the 
la  ge  centres  had  condensers  delivering  water 
at  25s.  to  30s.  per  hundred  gallons. 

GOVERNMENT     ACTIVITY. 

Reahsing  the  importance  of  the  new  industry 
to  the  country,  and  the  number  of  lives  risked, 
the  Government  threw  red  tape  to  the  wind, 
and  displayed  astounding  energy.  Borings  were 
made,  wells  sunk,  rocks  walled  in,  and  the  water 
led  into  dams,  and  tanks.  Condensers  were 
erected  where  salt  water  could  be  found,  and 
water  was  even  packed  on  camels  to  succour 
prospectors  trying  to  get  back  from  outlying 
rushes. 

SCHEME     FOR      PERMANENT     SUPPLY. 

After  the  construction  of  the  tanks  months 
passed  before  rain  fell,  and  then,  owing  to  a 
peculiar  perforation  in  the  apparently  clayey 
ground  in  which  they  had  been  sunk,  much  of 
the  first  catch  was  lost.  Sir  John  Forrest,  then 
Premier  of  the  Colony,  instructed  the  Engineer- 
in-Chief,  Mr.  O'Connor,  to  formulate  a  scheme 
for  the  permanent  and  certain  supply  of  the 
town  and  mines  at  Coolgardie. 
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SELECTION     OF     A     SOURCE. 

On  inspection.no  large  catchment  areas  could 
be  obtained  locally  of  which  a  run  off  could  be 
anticipated.  No  natural  storage  was  procurable, 
save  shallow  depressions,  and  had  an}^  been 
obtainable  the  rainfall  was  small,  and  of  doubtful 
regularity.  Mr.  O'Connor,  therefore,  selected 
as  the  source  of  the  supply  the  valley  of  the 
Hellena,  in  the  Darling  kanges,  where  the 
gathering  ground  could  be  reckoned  in  hundreds 
of  square  miles,  and  the  storage  capacity  in 
hundreds  of  millions  of  gallons.  Here,  also, 
the  records  showed  a  known  average  rainfall  of 
about  forty  inches  on  the  Western  slope  and 
about  fifteen  on  the  Eastern  side. 

MAGNITUDE     OF     THE     SCHEME. 

The  real  magnitude  of  the  work  was  in- 
volved in  the  conveyance  of  the  water  from  a 
district  of  known  rainfall  across  the  intervening 
350  miles  to  the  centre  of  consumption,  which 
also  is  more  elevated  than  the  source  by  over 
a  thousand  feet.  The  estimated  cost  of  two 
and  a-half  millions  sterling,  as  the  capital  cost 
of  the  undertaking  up  to  its  discharge  into  the 
service  reservoir  about  eighteen  miles  from 
CoolgardiC:  does  not  appear  a  large  sum  :  never- 
theless it  was  held  out  as  an  insurmountable 
obstacle,  and,  indeed,  it  was  a  great  undertaking 
for  a  people  then  only  numbering  some  70,000 
souls,  upon  whom  already  rested  the  responsi- 
bility of  several  great  public  works. 

Owing  to  the  growth  of  Kalgoorlie,  and  the 
consequent  extension  to  that  town,  and  many 
other  new  items,  the  original  cost  will  ])robab]y 
have  to  be  exceeded,  but  even  then  the  outlay 
will  be  small  compared  with  the  benefit  to 
be  derived. 

But  for  the  indomitable  energy  and  strong 
personality  of  its  founder.  Sir  John  Forrest,  the 
scheme  would  have  perished  at  its  birth.  Many 
considered  that  the  maximum  borrowing  power 
of  the  Colony  had  been  reached,  if  not  sur- 
passed. Some  opj^osed  it  l^ecause  it  was  ])ut 
forward  by  the  Forrest  Government,  and  others 
because  it  was  not  an  exact  copy  of 
what  had  already  been  done  elsewhere. 
However,  the  Bill  was  got  through  in  time 
to  meet  the  great  slum])  and  commercial  panic 
of  1897-8. 

About  this  time  mining  script  fell  very  low, 


and  many  of  the  bogus  mining  properties,  floated 
by  unscrupulous  persons,  collapsed,  causing  quite 
a  slump  in  everything  West  Australian.  The 
vigorous  public  works  policy  was  suspended, 
flooding  the  labour  market  with  those  who 
had  been  engaged  thereon.  Any  who  could 
afford  it  left  the  Colony,  and,  as  a  consequence, 
the  building,  plumbing,  carpentry,  brickmaking, 
timber  and  allied  trades  received  a  sudden  check 
that  fairly  staggered  the  country. 

BORROWING    POWERS. 

In  estimating  the  borrowing  power  of  a 
Colony  the  ordinary  policy  is  to  compare  it  per 
capita  with  the  National  Debt  of  the  United 
Kingdom.  That  this  is  wrong  in  principle  should 
be  self  evident.  The  British  National  Debt  mav 
be  considered  a  war  debt — that  is,  the  principal 
has  to  all  intents  and  purposes  been  blown  away 
in  smoke,  and  is  absolutely  lost,  and  interest  has 
to  be  paid  on  a  loan  from  which  we  derive  no 
direct  revenue.  The  West  Australian  loans,  on 
the  contrary,  have  been  invested — more  than 
50  per  cent. — in  railways,  which  item  could 
alone  be  sold  for  more  than  the  total  indebted- 
ness. Large  sums  are  also  invested  in  harbour 
works,  telegraphs,  telephones,  water  supplies, 
public  buildings,  etc.  The  last-named  do  not, 
of  course,  yield  a  direct  revenue,  but  add  to  the 
wealth  of  the  nation,  whereas  the  former  pay 
working  expenses  and  interest,  and  were  it  not 
that  they  are  intended  to  develop  the  country, 
and  furnish  transit,  communication,  etc.,  at  a 
very  low  rate,  a  sinking  fund  could  be  provided 
that  would  in  a  few  years  repay  the  principal. 

THE    SCHEME    STARTED. 

In  spite  of  the  fact  that  the  Bill  was  launched 
at  such  an  inopportune  moment,  the  Ministry, 
in  the  face  of  powerful  and  keenly  antagonistic 
opposition,  determined  to  start  the  work  and 
carry  it  on  at  all  costs.  It  was  very  properly 
considered  to  be  essential  to  the  well-being  of  the 
community  situated .  on  the  gold  fields,  for 
families  cannot  live  with  comfort  in  a  hot 
climate  when  water  costs  ;^io  to  £13  per  hundred 
gallons,  or  even  at  the  existing  rates  of  /8, 
whenever  the  Government  dams  are  dry. 

Work  was  at  first  started  in  a  very  small 
way,  such  as  clearing  timber  on  the  reservoir 
area,    etc.     Later   on    the    excavation    for    the 
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dam  was  put  in  hand,  and,  as  soon  as  possible, 
contracts  were  let  for  cement,  and  for  the  pipes 
and  pumps. 

When  a  large  project  is  undertaken  on  the 
strength  of  a  very  slender  majority,  the  lot  of 
the  Executive  is  not  a  happy  one.  but  it  was 
noticed  that  with  the  progress  of  the  work  the 
opposition  grew  perceptibly  weaker. 

FOUNDATIONS    FOR    THE    DAM. 

The  rock  was  stripped  under  the  seat  of  the 
dam  and  all  loose  or  broken  stone  removed. 
Then  it  was  discovered  that  a  iissure  underlay 
the  river  bed,  in  fact,  by  costeaning,  it  was  dis- 
covered to  be  present  for  many  miles  both  up  and 
down  the  stream,  pointing  to  the  deduction  that 
the  Hellena  had  formed  its  valley  along  the  fissure. 

After  removing  all  drift,  debris,  shattered 
rock,  etc.,  the  filling  appeared  to  be  impervious, 
but  in  case  the  crack  had  at  any  time  been 
opened  out  and  refilled,  perhaps  with  gravel  or 
boulder  beds  coming  to  the  surface,  somewhere 
up  stream,  the  Department  determined  to  con- 
tinue the  excavation  until  the  walls  came 
together.  Consequently,  whether  hope  rose 
as  the  reef  narrow^ed  to  a  couple  of  feet  or  fell  as 
;t  w-dened  to  eight  or  ten,  work  was  steadily 
carried  on,  until  about  a  hundred  feet  below  the 
river  bed  the  solid  rock  wall  gradually  came 
together  until  within  half  an  inch.  To  this 
depth,  then,  an  excavation  was  made  in  the  solid 
granite  or  harder  even  trap  dyke  that  traversed 
it.  The  crack,  which  rapidly  dwindled  to 
practically  no  width,  was  cleaned  out  and  filled 
with  cement  grout,  and  the  whole  of  the  excava- 
tion filled  with  cement  concrete. 

Undoubtedly  it  was  a  wise  policy  to  guard 
against  leakage  along  the  fissure,  besides  making 
sure  of  a  solid  foundation  for  the  superincumbent 
masonry,  but  would  not  a  shaft  sunk  to  the 
same  depth  at  each  toe  of  the  weir,  or  to  the 
same  depth  at  the  up-stream  toe,  and  filled  with 
concrete,  have  insured  against  leakage  ;  and 
an  excavation,  say  twenty  feet  deep  beneath  the 
down  stream  toe,  and  water  cushion,  etc.,  filled 
with  concrete,  might  have  proved  a  complete 
guard  against  undermining  by  the  occasional 
overflow. 

An  arched  formation  could  have  Ix-en  given 
to  the  concrete,  throwing  the  strain  on  to  the 


solid  rock  on  either  side  of  the  hssure,  so  that, 
if  the  reef  proved  more  compressible  than  the 
adjoining  granite,  cracks  should  not  form. in  the 
dam.  In  the  existing  circumstances  it  is  more 
than  likely  that,  owing  to  the  greater  shrinkage 
of  two  hundred  feet  of  concrete,  than  of  the  one 
hundred  feet  adjoining,  two  small  vertical 
cracks  may  form  in  the  masonry,  and  had  the 
deep  foundations  been  of  a  great  width,  instead 
of  being  narrow,  two  visible  cracks  would 
undoubtedly  have  formed.  Such  -  cracks, 
although  unimportant  in  themselves,  would 
be  disagreeable  from  the  moral  sense  as  furnish- 
ing a  bone  of  contention  for  amateur  critics 
and  interested  persons. 

The  danger  of  large  cracks  has,  however,  been 
minimised  by  the  gradual  battering  back  of  the 
side  slopes,  and  the  authorities  have  the  satis- 
faction of  knowing  that  the  fissure  has  been  fil  ed 
with  a  reliable  material. 

TEMPORARY    DAM. 

Before  starting  work  it  was  necessary  to  build 
a  small  temporary  dam,  a  few  hundred  feet  above 
the  actual  site  to  impound  water  for  the  summer 
supply ;  and  to  divert  the  iiow  into  a  flume, 
carried  clear  of  the  excavation  when  the  river 
was  running. 

CEMENT    AIRING    SHEDS. 

The  cement  to  be  used  for  the  concrete  was 
discharged  from  the  trucks  into  the  airing 
shed,  where  it  was  opened  and  spread  on  the 
floor,  which  was  made  of  stri])s  "  en  buscitle," 
which,  when  triped,  let  it  fall  on  to  a  similar  floor 
at  a  lower  level,  and  by  repeating  the  process  the 
cement  was  thoroughly  mixed  and  aired  with 
a  minimum  of  labour. 

CONCRETE. 

Granite,  quarried  from  the  foundations, 
supplemented  by  stone  obtained  close  by,  was 
conveyed  in  trucks  and  discharged  alongside  the 
Gate's  crusher,  a  coujile  of  men  throwing  it  into 
the  bell  mouth  as  the  machine  treated  it.  It 
then  went  down  by  gravitation  to  the  mixer. 
The  cement,  sand,  and  water  were  added  from 
automatic  feeders,  the  whole  being  thoroughly 
mixed  in  a  revolving  inclined  drum  turnished 
with  bafiles.  The  drum  discharged  into  wheel- 
barrows, in  a  procession  of  which  the  concrete 
went  to  its  destination. 
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THE     RAILWAY. 

One  of  the  earliest  works  undertaken  was  a 
railway  about  six  miles  long  running  down 
from  Mundaring  Station,  on  the  Eastern  line,  to 
the  reservoir  site,  and  zigzagging  down  the  side 
of  the  valley  to  the  pump  house.  This  lin  e 
destined  in  the  future  to  convey  coal  to  the 
pumps,  has  proved  a  great  boon  in  conveying 
cement,  sand,  machinery,  pipes,  etc.,  across  the 
rough  mountainous  country  at  a  minimum  of 
cost. 

PIPES    AND    PIPE     MAKING. 

Where  the  materials  have  to  be  transported 
great  distances,  cast  iron  pipes  have  the  great 
disadvantages  resulting  from  volume  and  weight, 
not  to  mention  brittleness  ;  consequently,  it  was 
decided  to  adopt  steel  pipes  with  an  internal  bore 
of  thirty  inches. 

The  design  of  the  pipes  is  practically  new, 
and  is  patented  by  the  firm  of  Mephan  Ferguson, 
of  Melbourne,  and,  as  far  as  can  be  judged,  no 
better  or  simpler  form  of  wrought  pipe  has  yet 
been  invented. 

The  two  firms  who  obtained  contracts  for 
the  pipes  established  local  works,  where  they 
manufactured  the  finished  article  from  the 
mported  plates  and  bars. 

The  pipes  are  thirty  feet  long,  are  tested  to 
400  lb.  hydraulic  pressure  per  square  inch, 
when  uncoated,  and  do  not  contain  a  rivet. 

With  the  exception  of  slight  differences  in 
machinery  the  process  at  l)oth  works  was 
practically  the  same. 

A  plate  was  picked  and  placed  on  a  table  over 
which  a  gauge  was  suspended  ;  this  was  let 
down  on  top  of  the  plate,  and  the  four  corners 
marked.  A  traveller  then  conveyed  it  to  a 
machine,  which  shored  off  the  ends,  leaving  them 
straight  and  true  to  length.  The  plate  then 
jiroceeded  to  a  machine,  in  which  it  was  clamped, 
while  a  paring  machine,  with  a  succession  of 
cutters,  travelled  along  it,  leaving  the  two  edges 
planed  and  the  plate  of  the  correct  width.  The 
cutters  were  followed  by  rollers,  travelling  alcove 
and  below  the  })late  in  conjunction  with  rollers 
running  along  its  edge,  each  set  squeezing  the 
material  a  little  more  than  the  i:)revious  set,  so 
that  the  steel  plate  left  that  machine  with  its 
edges  dovetailed. 

As  the  plate  passed  along  the  workshops  it 


went  through  a  machine,  in  which  a  ram  rose 
buckling  the  plate  slightly  ;  it  then  passed  on  to 
a  machine  consisting  of  three  rollers,  between 
which  it  was  rolled  until  it  curled  up  like  a 
collar,  remaining  straight  throughout  its  greatest 
length  and  taking  a  semi-circular  cross  section. 
The  plate  was  then  laid  on  the  floor  concave 
side  up,  an  H  bar  laid  on  each  edge,  and  a 
second  bent  plate  let  down  on  to  the  upturned 
grooves  in  the  H  bars.  A  number  of  collars 
were  then  put  round  the  embryo  pipe,  which 
was  then  j^icked  up  by  a  traveller  and  pushed 
endways  through  a  machine,  in  which  a  ram 
rose  and  pressed  against  a  foot  at  a  time  of  the 
lower  H  bar  squeezing  it  against  a  die,  held  in 
position  by  a  long  trellised  arm.  which  communi- 
cated the  pressure  to  the  upper  H  bar,  which,  n 
its  turn,  squeezed  against  a  die  in  the  upper 
part  of  the  machine.  Thus,  at  each  blow  of  the 
h^-draulic  ram,  one  foot  of  each  of  H  bars  was 
pressed  home  upon  the  dovetailed  edges  of  the 
semi-pipes,  until  they  resembled  two  oval 
bu'bs  running  one  along  either  sides  of  the  pipe. 
On  leaving  this  machine  the  spare  ends  of  the 
locking  bars  were  shorn  off,  and  the  pipe  rolled 
down  to  the  tester,  whence,  if  the  trial  were 
satisfactory,  as  was  usually  the  case,  it  rolled 
on  to  the  coating  baths. 

DISTRIBUTION     OF     PIPES. 

The  pipes  being  finally  ready,  were  loaded  on 
trucks,  usually  six  per  truck,  taken  out  in  train 
loads  and  distributed  along  the  track,  which,  for 
the  greater  part  of  its  length,  lay  within  the 
railway  reserve. 

PIPE     LAYING. 

At  one  time  it  was  proposed  to  lay  the  pipes 
on  the  surface,  but  several  serious  drawbacks 
I)resented  themselves  to  such  a  procedure.  In 
the  first  case,  in  a  climate  where  the  temperature 
varies  betv/een  20°  F.  and  180°  F.  in  the  open, 
with  frequently  a  diurnal  variation  of  110°  F., 
contraction  and  expansion  become  very  serious 
items,  and  expansion  joints  would  be  neces- 
sary to  prevent  the  line  assuming  a  serpentine 
course,  and  the  drawing  of  the  joints.  Again, 
in  summer  time  the  water  would  reach  its 
destination  in  an  unpleasantly  hot  condition, 
and  the  same  season  is  favourable  to  the  growth 
of  a  white  stringy  weed,  which  would  tend  to 
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raise  the  resistance  to  pumping  and  diminish 
the  flow.  These  considerations  led  to  the 
burying  of  the  pipes  in  trenches. 

PIPE     TRENCH. 

The  pipe  trench  was  taken  out  for  almost  its 
entire  length  in  the  early  days,  while  the  under- 
taking was  still  encumbered  with  difficulties^ 
and,  later  on,  a  gang  ahead  of  the  pipe  layers 
trimmed,  graded  and  took  out  the  manholes. 

This  so-called  coming  back  on  the  work  gave 
rise  to  a  good  deal  of  adverse  criticism  in  the 
press,  but  it  would  have  been  a  doubtful  saving 
to  have  taken  the  manholes  out  originally,  for 
it  would  have  taken  very  accurate  measuring 
and  knowledge  of  contingencies  to  keep  them 
evenly  at  the  joints  thoughout  350  miles.  But, 
even  with  the  best  of  supervision,  some  loss  of 
time,  through  shifting  and,  occasionally,  through 
loafing,  is  bound  to  take  place  on  a  long  strag- 
gling jobj'such  as  the  excavation  of  a  pipe  trench. 

LEADING    AND    JOINTING. 

The  pipes  were  run  over  the  trench  on  skids,  in 
which  were  set  rollers,  the  first  having  its  axis 
parallel  to  the  skid,  and  the  other  two  rollers 
had  their  axes  at  right  angles  to  it.  When 
on  the  first  rollers  the  pipe  could  be  moved 
readily  lengthwise,  and  thus  adjusted  for 
position,  it  was  then  rolled  a  little  further  on  to 
the  two  transverse  rollers,  over  the  centre  of 
the  trench,  and  rotated  until  the  two  bulbs 
formed  b\'  the  locking  bars  were  at  the  same 
elevation.  A  pair  of  light  shear  legs  were 
thrown  over  the  trench  from  which  wire  ropes 
lowered  the  pipe  into  position  after  it  had  been 
temporarily  suspended  for  the  withdrawal  of 
the  skids. 

A  ring  or  thimble  formed  the  jointing  piece, 
and,  before  lowering  a  pipe,  a  ring  was  pushed 
right  on  to  the  end  of  the  previous  pipe,  and,  as 
soon  as  the  fresh  pipe  was  in  position,  butt  to 
butt  with  the  last  one,  the  ring  was  slid  so  as  to 
overlap  each  pipe  equally. 


A  man  travelling  inside  with  an  expander 
pushed  it  over  the  joint  and  expanded  the 
union  screw,  joining  the  two  halves  of  his  wheel. 
This  served  the  dual  purpose  of  making  the  two 
pipes  join  perfectly,  and  preventing  any  lead 
from  running  into  the  pipe. 

A  number  of  leaden  wedges  were  inserted 
under  the  rings  to  keep  the  opening  uniform 
around  the  pipes.  Leading  belts  were  fixed, 
and  the  lead  melter,  which  consisted  of  an  oil 
furnace  travelling  on  top  of  the  pipe,  was  drawn 
forward  on  to  the  joint  and  the  lead  run — the 
whole  process  taking  less  time  than  it  takes  to  tell. 

Following  the  leader  came  the  caulking 
machine.  This  consisted  of  a  series  of  rollers 
running  on  the  lead  on  both  sides  of  the  ring, 
and  compressing  it,  very  much  after  the  style 
of  the  dovetailing  rollers  already  described  for 
the  steel  plates. 

The  rollers  were  drawn  round  a  rack,  worked 
by  an  electric  motor,  and  squeezed  up  the  lead 
At  the  last  round  a  cutter  was  added  which 
trimmed  off  any  lead  that  had  spued  beyond  the 
ring.  Owing  to  the  bulbs  formed  by  the  locking 
ba'S,  the  machine  had  to  be  reversed  at  every 
half  revolution,  and  the  portion  round  the  lock- 
ing bars  hand  caulked.  Had  it  been  possible 
to  run  right  round  the  pipe,  the  working  of  the 
machine  would  have  been  simpler  and  cheaper. 

The  use  of  the  expander  obviated  the  necessity 
for  gascut,  though  probably  no  part  of  the 
scheme  gave  rise  to  more  criticism  than  this 
labour-saving  machine.  Hostile  letters,  origi- 
nating with  the  labour  movement,  were  written, 
and  the  papers  soon  teamed  with  an  abusive 
correspondence,  the  department  as  usual  re- 
maining mute. 

THE     LATE     ENGINEER-IN   CHIEF. 

No  paper  on  this  subject  is  complete  witliout 
a  reference  to  the  sad  death  of  its  leading  spirit, 
Mr.  C  Y.  O'Connor.  His  counsel,  wisdom,  and 
many  good  qualities  were  widely  appreciated, 
and  his  demise,  prior  to  the  completion  of  the 
work,  was  regretted  by  all. 


A    WORKS    MANAGER. 


The  author  carefully  describes  and  compares  the  three  prominent  systems  which  are  now 
before  Engineering  employers. — Editor. 


NEW     AGREEMENT. 

HE  main  feature  of 
the  premium  system 
is  that  it  makes  a 
division  of  the  sav- 
ings,due  to  increased 
production, between 
the  employer  and 
employed  by  a 
direct  method,  in- 
stead of  by  the  cir- 
cuitous method  of 
prolit-sharing.  The  principle  in  brief  is  this: 
The  time  required  to  do  a  certain  piece  of  work 
is  known  by  experience  ;  and  the  workman  is 
oi'fered,  in  addition  to  liis  ordinary  daily  or 
liourly  wage,  a  premium  for  every  hour  by 
which  he  reduces  that  time  on  future  work. 
Air.  F.  A.  Halsey,  of  New  York,  claims  to  be  the 
first  inventor  of  a  plan  for  payment  of  labour  in 
wiiich  the  gains  due  to  increased  production  by 
a  workman  are  divided  between  tlie  workman 
and  his  employer,  but  there  is  reason  to  believe 
that  some  such  plan  was  in  operation  long 
before  Mr.  Halsey's  time.  Mr.  Rowan,  of 
Glasgow,  was  the  deviser  of   a  system    which 


money,  viz.,  to  pay  what  is  necessary  to  get 
what  is  wanted,  but  to  pay  no  more.  If  w'e 
have  a  fence  to  paint,  a  roof  to  shingle,  the 
only  principle  we  ever  think  of  following  in 
order  to  get  the  work  done  is  to  pay  enough  to 
induce  someone  to  do  it.  If  we  offer  less  than 
that,  the  work  will  go  undone,  while  if  we  pay 
more  the  surplus  is  a  simple  gratuity.  So  here  ; 
a  workman  has  been  working  at  the  usual  pace 
and  has  been  paid  the  usual  daily  wages  ;  if 
we  wish  to  induce  him  to  do  more  we  should 
offer  enough  as  a  premium  to  induce  him  to 
make  the  extra  exertion,  and  no  more.  If  we 
offer  too  little  he  will  reject  it,  the  offered 
returns  being  too  small  to  recompense  him  for 
the  effort,  and  the  desired  increase  will  not  be 
obtained.  On  the  other  hand,  if  we  offer  too 
much,  the  surplus,  as  in  the  case  of  painting  the 
fence  or  shingling  the  roof,  is  a  simple  gratuity." 
There  can,  therefore,  be  no  simple  premium 
rate  to  apply  to  all  classes  of  work,  and  certainly 
not  in  machine  shops  where  increased  output 
is  so  much  a  matter  of  intelligence. 

THE     NATURE     OF     A     PREMIUM. 

It  is   unfortunate  that   the   term   "  premium " 


underlies  the   basis  of    the  agreement  recently     should  carry  with  it  tlie  idea  of  gratuity,  because 


made  between  the  Engineering  Employers' 
Federation  and  the  Amalgamated  Society 
of  Engineers.  Touching  the  rate  of  premium, 
Mr.  Halsey  has  written  :  "  F'or  this  there 
is  a  perfectly  clear  principle  to  guide  lis, 
and  that  principle  is  precisely  the  one  which 
we    use    in    buying    anything   whatever    with 


the  payments  in  the  premium  plan  are  in  no 
sense  gratuities,  or  bonuses,  but  actual  earnings. 
Tiiey  are  special  earnings  on  the  increased 
industry  of  the  workman.  With  a  proper  ad- 
justment of  rates  to  plant  and  methods  of  pro- 
duction there  is  established  what  Mr.  Halsey  calls 
"a   condition    under     w'hich    and   under   given 


O64) 


The    Engineering   Trade    and  the  Premium    System. 


irK 


methods  of  production  we  will  obtain  the 
highest  possible  production  and  the  lowest 
passible  cost,  while  the  workmen  will  receive 
tlie  highest  wages  to  which  he  is  economically 
entitled."  The  premium  plan  systematises  the 
practice  under  which  an  employer  pays  higher 
wages  to  efficient  than  to  inefficient  workmen. 
It  grades  and  recompenses  men  according  to 
their  efficiency,  but  the  efficiency  cannot  be 
procured  without  the  payment.  There  are 
various  methods  by  which  the  premium  system 
can  be  administered,  but  the  principle  must 
always  be  that  of  dividing  the  gain  through 
efficiency,  so  as  to  encourage  the  workmen  to 
greater  vigilance  and  special  industry.  It  starts 
upon  the  basis  of  weekly  wages  for  ordinary 
work,  plus  a  bonus  for  speedier  production. 
There  are  three  prominent  systems  now  before 
engineering  employers — that  of  Mr.  Halsey,  that 
of  Messrs.  G.  and  J.  Weir,  and  that  of  Messrs. 
David  Rowan  and  Sons,  of  Glasgow. 

THE     PREMIUM     SYSTEM     IN     PRACTICE. 

The  system  of  Messrs.  G.  and  J.  Weir,  of 
Glasgow,  was  organised  as  a  result  of  their 
belief  that  in  an  engineering  works  which  has 
for  years  worked  only  with  time  wages,  the 
relative  wages  do  not  represent  the  relative 
values  of  the  men.  To  remedy  this  it  was 
decided  to  adopt  the  premium  system  because 
it  is  simple  and  easily  understood  by  the  men. 
It  is  simple  in  its  application,  and  needs  very 
little  addition  to  the  clerical  staff  ;  it  has  not 
the  defect  of  piece-work,  in  which  an  error  in 
rate-hxing  is  either  expensive  or  discouraging; 
it  offers  an  inducement  to  the  workman  to 
suggest  improvements  in  tools  or  machines  ;  it 
affords  accurate  data  for  time-keeping  and  cost- 
keeping  purposes.  After  three  years'  trial 
Messrs.  Weir  were  able  to  report  that  they 
found  the  following  among  its  many  advantages 
It  resulted  in  a  largely  increased  output  from 
their  machines.  It  increased  the  average  earn- 
ings of  their  workmen  from  lo  to  40  per  cent. 
It  practically  compelled  maintenance  of  their 
machines  in  the  higliest  state  of  efficiency.  It 
greatly  increased  the  interest  of  the  men  in 
their  work,  and  in  the  plant,  and  promoted  a  fair 
amount  of  co-operation  in  all  the  lirm's  schemes 
for  improving  the  factory.  It  gave  the  foremen 
a  field  for  the  choice  of  men  they  had  not  pre- 
viously before  them.     It  caused  the  foremen  to 


be  no  longer  task-masters   over  the   men,  but 
providers  and  inspectors  of  work  for  them. 

THE     CONSIDERATION     OF     WORKMEN'S 
SUGGESTIONS. 

Messrs.  Weir  also  inaugurated  what  is  called 
the  "  Friction  Club,"  a  body  composed  of  the 
foremen  and  administrative  heads  of  all  tlie 
departments,  for  the  purpose  of  securing  proper 
discussion  of  shop  problems,  and  to  assist  in 
the  provision  of  machinery  for  the  systematic 
carrying  out  of  suggestions,  and  for  reporting 
results.  The  club  has  dealt  with  such  matters 
as  the  establishment  of  a  works  library  ;  a 
workmen's  suggestion  scheme  ;  the  admittance 
and  course  of  apprentices  in  the  works  ;  the 
lighting  of  the  shops  ;  the  distribution  of  shop 
labourers  ;  shop  hindrances,  as  reported  by  the 
several  foremen  ;  and  so  forth.  This  club 
promoted  and  inaugurated  the  "  Workmen's 
Suggestion  Scheme,"  an  arrangement  to  en- 
courage the  workmen  to  make  suggestions  tor 
improvements  in  the  shops  and  on  the  work. 
A  box  is  provided  into  which  a  workman 
places  a  memorandum  of  any  suggestions  he 
has  to  make,  putting  his  name  and  shop 
number  on  the  paper.  These  suggestions  are 
read  and  discussed  at  the  Friction  Club,  where 
the  award  which  should  be  made  on  the 
merits  of  a  suggestion  is  also  indicated.  This 
has  been  found  to  be  an  educative  and  useful 
arrangement.  A  Technical  Committee,  com- 
posed of  the  managing  director,  the  shop 
manager,  the  chief  draughtsman  and  special 
draughtsmen,  deals  with  revision  of  designs, 
experimental  work,  the  tabulation  of  results,  the 
consideration  of  defects,  the  criticism  and 
development  of  new  designs,  etc.  These 
schemes,  of  course,  are  not  part  of  the  premium 
plan,  but  they  combine  along  with  that  plan  in 
bringing  masters,  managers,  and  men,  into 
direct  personal  and  friendly  relations.  Under 
Messrs.  Weir's  plan,  the  saving  effected  by  a 
workman  on  the  allowed  time  for  doing  a  job 
is  divided  half-and-half  between  the  man  and 
the  employer.  That  is  to  say,  if  a  job  is  timed 
for  twelve  hours,  and  the  man  does  it  in  eight 
hours,  he  is  paid  for  two  hours  in  addition  to 
his  weekly  rate  on  the  job. 

Mr.  Halsey's  plan  is  rather  to  keep  a  good 
weekly  rate,  and  to  give  as  premium  one-third 
of  the  time  saved. 
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THE    PREMIUM    SYSTEM     IN    MARINE    ENGINEERING. 

Until  the  engineering  strike  of  1897-98,  it  had 
been  regarded  as  impossible  to  introduce  piece 
work  into  a  marine-engine  factory,  on  accoimt 
of  the  great  variety  of  work.  But  during  that 
strike  a  premium  system  was  established  by 
Messrs.  David  Rowan  and  Sons,  Glasgow,  who 
make  nothing  but  marine  engines.  It  is  this 
system  which,  varied  according  to  circum- 
stances, will  be  applicable  in  other  departments 
of  the  engineering  trade  under  the  agreement 
which  has  now  been  effected.  That  agreement, 
of  course,  is  merely  permissive,  not  obligatory. 

The  following  is  Mr.  Rowan's  method  of 
working  the  premium  system  : — 

When  work  is  given  to  a  workman  on  a  time 
allowance,  it  is  recorded  on  a  job  ticket  ;  as  the 
workman  reduces  this  time  allowance,  his  rate 
of  wages  per  hour,  while  he  is  working  at  the 
job,  is  increased  by  the  same  percentage  as  that  by 
ivhich  the  time  allowance  has  been  reduced.  It  is 
apparent  that  data  must  be  collected  for  the 
purpose  of  arriving  at  the  time  which  should  be 
allowed  to  do  work.  For  this  purpose  a  special 
department  (rate-lixing  department)  is  required, 
and  when  instituted,  data  accumulates  very 
quickly.  The  period  occupied  in  doing  work 
under  the  usual  time  payment  conditions  may 
be  accepted  as  the  time  allowance  of  the 
premium  system. 

THE     SYSTEM     AT     WORK. 

A  job  ticket  is  issued  when  a  job  is  given  to 
a  workman,  with  a  description  of  the  work  to  be 
done,  and  the  time  allowed  for  it.  On  com- 
pletion of  the  work  the  job  ticket  is  initialled, 
and  the  hour  recorded  on  it  by  the  foreman, 
and  this  marks  the  time  of  commencing  the  next 
job.  When  the  work  has  been  examined  and 
passed  by  the  works  inspector,  the  job  ticket 
is  handed  to  the  rate-lixing  department,  which 
passes  the  same  for  payment.  In  the  case  of  a 
job  being  rejected  by  the  inspector,  any  premium 
which  would  otherwise  have  been  earned  by  the 
workman,  by  reason  of  his  having  reduced  the 
time  allowance,  is  forfeited.  No  clerical  labour 
devolves  upon  the  workmen  and  very  little  upon 
the  foremen. 

The  time  allowance  for  a  job  given  to  a  work- 
man rated  at,  say,  8d.  per  hour  is  100  hours 
and  the  actual  time  occupied  on  the  job  amounts 
to  say  75  hours.    We  have  then  100  hours  at  8d. 


-^  800  pence,  against  75  hours  at  8d.  -j-  25  per 
cent.  (2d.)  =  750  pence,  giving  the  workman  a 
premium  =  150  pence,  or  2d.  per  hour,  and  the 
employer  a  reduced  cost  =  50  pence.  Provided 
the  time  allowances  are  equitable  to  employer 
and  employed,  and  based  on  the  average 
attainments  of  hourly  labour,  it  will  be  evident 
that  the  higher  the  premium  earned  by  the 
workman  the  greater  will  be  the  saving  in 
cost.  The  output  of  the  machines  is  also 
increased,  but  it  is  a  hard  matter  to  put  a 
value  to  this.  Occasionally  a  piece  of  work  is 
begun  on  one  machine  and  finished  on  another. 
In  a  case  of  this  kind  the  job  ticket  is  passed 
by  the  first  to  the  second  operator,  and  so  on 
until  the  work  is  completed,  each  workman 
engaged  upon  it  receiving  any  premium  earned 
in  proportion  to  the  total  reduction  of  time 
made  in  completing  the  whole  job.  Any  number 
of  men  may  be  employed  on  the  same  piece  of 
work,  and  it  is  not  necessary  that  they  should  all 
remain  at  the  work  for  the  same  period,  because 
a  slump  time  allowance  is  made  to  cover  the 
time  of  all  the  men  on  a  job,  and  the  total  time 
spent  upon  the  job  fixes  the  premium  per- 
centage, which  is  used  in  fixing  the  premiums 
of  the  different  men  only  to  the  extent  of  the 
time  each  has  been  employed  upon  the  work. 
Thus,  a  job  for  which  the  time  allowance  is 
1,000  hours  may  be  performed  in  800  hours — 
one  man  might  work  100,  one  300,  and  one  400 
hours.  Each  of  these  men  would  have  his 
hourly  rate  increased  to  the  extent  of  20  per 
cent,  for  the  time  he  had  been  employed 
upon  the  job. 

The  reduction  or  increase  of  a  workman's 
hourly  rate  is  not  affected,  as  any  change  in 
either  of  these  directions  made  during  the  time 
he  is  engaged  upon  a  job  is  calculated  at  a  per- 
centage on  his  hourly  rate  or  rates.  Neither  is 
any  difliculty  introduced  in  respect  to  overtime 
allowances,  as  the  actual  time  worked  upon  a 
job  determines  the  time  upon  which  a  premium 
is  paid.  The  overtime  allowance,  which  in  the 
Glasgow  district  is  paid  at  the  rate  of  50  per 
cent,  on  the  overtime  worked,  does  not  appear 
in  the  job  ticket  as  time,  being  only  shown  as 
such  in  the  workmen's  time  and  wages  book  as 
a  unit  to  lix  the  value  of  the  overtime  allowances. 
In  the  job  ticket  this  allowance  appears  at  its 
value  in  money.  Nor  is  there  any  difficulty 
presented  when  working  a  night  shift,  as  each 
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of  the  two  men  at  a  machine  receives  a  share  of 
premium  earned  in  proportion  to  the  number 
of  hours  worked  on  the  job,  Everyman  should 
work  on  his  own  account  ;  but  tliere  are  cases, 
particularly  in  the  erecting  department,  in  w^iich 
the  inclusion  of  several  men  on  one  job  ticket 
cannot  very  easily  be  avoided.  Apprentices  in 
their  first  year  are  not  given  a  job  ticket.  In 
their  second  and  third  years  they  are  junior 
apprentices,  and  half  the  time  that  they  work 
is  counted  ;  in  the  fourth  and  fifth  years  they 
are  senior  apprentices,  and  three-quarters  of 
the  time  they  work  is  counted.  They  are 
allowed  the  same  time  as  a  journeyman.  In 
the  machine  department  apprentices  in  the 
fourth  and  fifth  year  do  the  same  kind  of  work 
as  is  done  by  journeymen,  and  they  are  allowed 
25  per  cent,  more  than  journeymen. 

The  premiums  are  not  paid  until  5  per  cent, 
has  been  earned,  and  afterwards  only  in 
multiples  of  5  per  cent.  The  original  time 
fixed  upon  as  a  time  allowance  is  never  reduced, 
unless  there  has  been  a  radical  change  in  the 
method  of  doing  a  piece  of  work.  As  a  rule, 
the  premiums  earned  by  the  men  have  increased 
since  the  introduction  of  this  system,  sometimes 
owing  to  the  industry,  skill,  or  intelligence  exerted 
by  the  workman,  but  oftener  due  to  those  who 
exercise  a  controlling  power.  The  value  of 
this  premium  system  is  not  limited  to  a  saving 
in  cost  of  labour  by  the  reduction  of  the  time 
taken  to  do  work.  Numerous  instances  might 
be  cited  where  the  system  has  been  the  means 
of  bringing  to  notice,  through  concentration  of 
attention  on  its  development,  improved  methods 
of  manufacture. 

THE     REGISTRY     OF     PROGRESS. 

Another  feature  to  which  special  attention  is 
directed  by  Mr.  Rowan  is  the  use  of  the  job 
progress  card.  This  card  is  prepared  every 
morning  by  the  rate-fixing  department,  and 
indicates  the  progress  which  has  been  made  at 
the  various  machines.  One  column  gives  the 
machine  numbers,  another  column  the  hours 
allowed  for  the  jobs  in  hand,  a  third  column 
gives  the  number  of  pieces  included  in  each  job, 
the  fourth  column  shows  the  hoursspentupon  the 
job  in  hand  till  10.30  a.m.  on  the  date  the  card 
is  prepared,  and  the  fifth  column  contains  the 
previous  records  for  similar  jobs.     The  card  is, 


therefore,  an  index  of  the  progress  of  work  in 
each  and  all  the  machines  in  operation. 

There  is  a  job  register  book  for  the  machine, 
brass-finishing,  tinsmiths',  and  smiths'  depart- 
ments, erecting  in  the  works,  and  fitting  the 
machinery  in  the  yard  and  at  the  quay.  As 
new  jobs  occur  they  are  duly  registered. 
Each  separate  job  in  the  manufacture  of  a 
marine  engine,  from  the  time  the  castings  and 
forgings  come  into  the  works  until  the  ship 
leaves  after  her  trial  trip,  is  registered  in  this 
book. 

In  a  job  data  book  is  a  record  of  the  work 
done  on  each  article,  and  this  book  now 
contains  a  most  complete  and  miscellaneous 
collection  of  data  in  connection  with  the  manu- 
facture of  marine  engines,  and  of  other  work. 
All  whitewashing  and  painting,  shifting  of 
machines,  laying  down  concrete  floors,  shifting 
of  material  from  place  to  place,  and  many  other 
operations  for  which,  formerly,  it  would  have 
been  impossible  to  fix  a  time,  are  now  re- 
corded in  the  job  data  book. 

THE  ADVANTAGES  OF  THE  SYSTEM. 

This  system  is  a  step  towards  the  solution  of 
piecework.  The  value  of  tools  is  emphasised, 
the  use  of  aids  is  found  to  be  necessary,  and 
inefficient  machines  are  discovered.  Managers 
and  foremen  meet  moi-e  freely  for  the  discus- 
sion of  questions  arising  in  the  course  of 
manufacture,  better  wages  are  earned  by  the 
men,  and  more  work  and  better  work  is  got  out 
of  the  machines  and  the  whole  plant. 

From  this  system  Mr.  Rowan  claims  that 
three  advantages  follow.  Xo  matter  how  long 
a  man  takes  to  do  the  work,  whether  from 
novelty,  misfortune,  misadventure,  dawdling 
over  his  work,  or  carelessness,  he  receives  his 
hourly  rate  of  wages.  If  a  man  is  repeating  the 
same  job  on  the  same  machine,  and  continually 
reducing  the  time  of  production,  he  is 
encouraged,  as  by  all  means  he  should  be,  to 
continue  doing  so.  If  the  time  allowance  has 
been  fairly  fixed  at  the  beginning,  the  more  a 
man  earns  the  cheaper  is  the  work.  In  other 
words,  the  element  of  participation  is  intro- 
duced. 

THREE     SYSTEMS     COMPARED. 

Mr.  Halsey's  plan  is  to  pay  a  certain  fixed 
sum  per  hour  saved — the  premium  varying  witli 
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the  men  and  the  operation,  but  never  starting 
high.  As  a  basis  he  suggests  assuming  that 
the  output  of  a  shop  can  be  doubled,  and  then 
considering  how  much  the  shop  can  afford  to 
raise  payment  to  secure  such  an  increase.  It  is  not 
to  be  expected  that  such  an  increase  can  actually 
be  made,  but  the  assumption  gives  a  concrete 
form  to  the  question  to  be  dealt  with. 

Mr.  Rowan's  plan  is  to  pay  a  premium  bear- 
ing the  same  percentage  to  the  fixed  rate  as 
the  time  saved  by  the  workman  bears  to  the  time 
fixed  by  experience  to  the  job.  Thus  a  time  is 
given  to  the  workman  in  which  the  job  should 
be  done,  and  he  is  paid  a  fixed  hourly  rate. 
This  hourly  rate  is  increased  by  the  same  per- 
centage in  which  he  reduces  the  time  over  the 
job.  If  he  saves  lo,  25,  or  50  per  cent,  of  the 
time  given,  he  receives  10,  25,  or  50  per  cent, 
more  wages.  If  he  saves,  say,  one-third  of  the 
time  a  man  working  at  an  hourly  rate  of  yd.,  he 
will  receive  is.  an  hour,  and  so  on. 

Under  the  plan  adopted  by  Messrs.  G.  and  J. 
Weir,  Glasgow,  the  workman  is  paid  a  premium 
equal  to  one  half  of  the  time  saved.  Now,  if 
we  take  the  case  of  a  job  on  which  the  work- 
man is  paid  Sd.  an  hour,  and  100  hours  are 
allowed,  the  premium  would  work  out  as 
follows  under  the  three  systems,  should  the 
job  be  done  in  half  the  time,  say  50  hours  : — 

Time  Premium        Total  Kate 

wages.  earnetl.  cust.         perliour. 

s,  s.  s.  d. 

Halsey  (3    of  saving)  33-3    ...    ji-ii    ...   444    ...     jo-66 
Weir  (^  of  saving)    ...  33*3    ...    i6-6      ...    50-0    ...     12-0 
Rowan 33'3      ■    i'^''*     ■  ••    50"o    ...     iJ'O 

But  if  the  work  were  done  with  a  saving  not 
of  50  but  of  20  hoiu-s,  the  comparison  would  be 
thus  : — 

Time  Premium         Total  Rale 

wages.  earned.  eost.         per  hour, 

s.  s.  s.  d. 

Halsey 53"3    •  •     4'44     •      577    ■■■     8'66 

Weir    5?,'?,    ■■■      <^'  <>     ■■    CiO'o     ...     9-0 

Rowan 53 "3     ..    loi)')    ...    (>^-o     ...     t;-C) 

With  regard  to  the  reduction  of  time,  it  is 
.claimed  that  the  credit  of  it  is  actually  due  more 
to  the  employers  than  to  the  men,  because  the 
possibilities  of  the  tools  under  the  premium 
plan  have  caused  the  masters  to  devote  more 
attention  than  ever  to  the  condition  of  the  plant. 

THE    FEDERATION    AND    THE    PLAN. 

The  following  is  an  abstract  from  the  letter 
forwarded  by  the  officials  to  the  members  of 
the  Engineering  Employers'  Federation: — 


The  question  of  the  introduction  of  the  bonus  or  pre- 
mium system  into  the  workshops  of  certain  federated 
firms,  and  the  difliculties  which  had  arisen  in  connection 
tlierewith,  came  up  for  discussion  at  a  central  conference 
held  at  Carlisle  on  the  19th  and  20th  August,  with  the 
.Amalgamated  Society  of  Engineers  and  the  Steam  Engine 
Makers'  Society. 

The  question  had  previously  been  discussed  in  local 
conference,  but  no  settlement  reached.  The  outcome  ot 
the  discussion  in  central  conference  was  a  general  under- 
standing by  which  any  federated  firm  is  free  to  adopt 
this  system  of  remunerating  their  workmen. 

A  signed  memorandum,  w'hich  was  exchanged  between 
parties,  and  of  which  a  copy  is  appended. 
Memor.andu.m. 

The  employers'  representatives  have  not  the  power  to 
settle  the  conditions  which  should  be  observed  in  con- 
nection with  the  working  of  a  Bonus  System,  without 
having  previously  obtained  authority  from  the  Federation, 
in  proper  form. 

Thev  are-  prepared,  however,  to  advise  all  employers 
who  wish  to  establish  such  a  system,  in  the  meantime,  to 
adopt  the  following  suggestions  : — 

1 .  The  time  rate  of  wages  (for  each  job)  should  in  all 
cases  be  paid. 

2.  Overtime  and  nightshift  to  be  paid  on  the  same 
conditions  as  already  prevail  in  each  workshop. 

3.  A  time  limit  after  it  has  been  established  should 
only  be  changed  if  the  method  or  means  of  manufacture 
are  changed. 

4.  No  firm  shotild  establish  the  Bonus  System  without 
intending  to  adhere  to  it. 

THE     PREMIUM     SYSTEM     IN     AMERICA. 

.  In  .-Vmerica,  as  in  Great  Britain,  it  appears 
that  in  every  case  where  the  plan  has  yet  been 
introduced,  the  employees  have  received  it  with 
some  feeling  of  suspicion,  but  in  the  shops 
where  the  plan  has  passed  the  trial  stage,  it  is 
uniformly  popular  with  the  men. 

As  an  American  employer  who  has  tried 
it,  Mr.  H.  M.  Norris,  says,  it  is  obvious 
that  increased  earnings  can  be  made  only 
through  the  reduction  of  costs.  "  This,  the 
premium  plan  secures,  bringing  it  within  the 
pale  of  the  strictest  principles  of  economics. 
Were  it  otherwise,  it  could  never  have 
stood  the  test  of  tlie  sixteen  years  that  have 
elapsed  since  the  date  of  its  inception.  Under 
this  system  the  workman  is  given  an  oppor- 
tunity to  profit  by  hi^  industry.  He  is 
raised  from  a  mere  automaton  to  a  inan,  alive 
to  the  possibilities  of  bettering  his  condition — 
an  intelligent  worker,  certain  of  receiving  a  just 
share  of  his  employer's  profit.  Is  it  not  clear 
that  here  is  the  path  to  the  goal  that  both 
parties  have  striven  so  long  to  reach — high 
wages  and  low  cost  ? " 
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MACHINE     TOOLS. 

HE  series  of  ar- 
ticles on  "  Milling 
Machines,"  con- 
cluded in  the  pre- 
sent issue,  has  dealt 
with  a  subject,  the 
importance  of 
which  in  the  modern 
shop  it  is  impossible 
to  rate  too  highly. 
They  illustrate  in  a  striking  degree  the  battle 
of  rotary  cutters  versus  single-edged  recipro- 
cating tools,  a  struggle  the  first  note  of  which 
was  sounded  when  Vaucanson  made  a  rotary 
cutter  in  France  more  than  a  century  ago. 

To  those  whose  fancy  runs  in  philosophic 
channels,  the  milling  machine  is  but  an  incident 
in  a  wider  system,  in  which  other  units  have 
their  influences.  The  writer  remembers  milling 
cutters  in  the  shops  twenty-five  years  ago,  in 
which  the  temper  was  drawn,  and  the  cutter 
rehardened  as  often,  as  the  teeth  required  to  be 
reduced  considerably  in  consequence  of  wear. 
For  something  like  three-quarters  of  a  century 
the  milling  cutter  remained  little  more  than  an 
occasional  help  in  the  shop,  a  kind  of  amateur's 
tool,  brought  into  requisition  when  some  one 
with  more  foresight  and  patience  than  his 
ellows  divined  its  potentialities.  And  so  it 
would  have  remained  to-day,  but  for  the  fact 
that  two  or  three  firms,  in  advance  of  the  times, 
foresaw  the  utilities  of  the  emery  wheel  in  tool 
grinding,  and  showed  that  it  might  be  used 
for  this,    preferably    to    the     grit    stone.        It 


is  not  long  since  the  last  echoes  of  the  con- 
troversy respecting  grindstones  and  emery 
wheels  died  away.  In  too  many  conserva- 
tive shops  the  older  practice  still  survives. 
With  the  many  improvements  in  the  manu- 
facture of  various  grades  of  emery  wheels,  and 
the  use  of  water,  the  real  era  of  the  milling 
cutter  commenced.  The  design  of  different 
kinds  of  machines  to  grind  the  various  forms  of 
cutters  demanded  rapidly  developed,  and  they 
are  still  being  modified  and  improved  from  time 
to  time. 

And  when  the  milling  cutter  gained  an  estab- 
lished position  in  the  workshop,  the  sphere  of  its 
utility  became  widened  by  reason  of  its  value 
in  cutting  gears.  It  is  this,  even  more  than  the 
advantages  which  cut  gears  possess  over  cast 
ones,  that  has  tended  to  the  further  disuse  of  the 
latter.  Without  the  milling  cutters,  the  cast 
gears  would  still  retain  their  old  pre-eminence. 
For  some  years  most  wheels  of  small  dimen- 
sions, spur  and  bevel,  were— as  they  still  often 
are — cut  on  milling  machines  of  the  pillar  and 
knee  type,  using  the  dividing  head  and  change 
wheels.  Gear  cutting  machines  built  after  this 
general  model  followed,  after  which  more 
highly  specialised  gear  cutters  have  been 
designed. 

The  milling  cutter  has  also  been  the  jiarent 
of  other  develojiments.  Few  general  shops 
number  a  relieving  lathe  among  their  equip- 
ment. But  this  type  of  tool  is  indispensable 
where  cutters  are  manufactured,  for  producing 
the  backing  off,  or  clearance,  on  each  tooth.  In 
the  old  days  this  was  laboriously  filed.     Then 
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a  to  and  fro  motion  at  regular  intervals  was 
adapted  to  the  cross  slide  of  an  ordinar}'  lathe  to 
give  short  cuts  to  each  tooth.  Now  lathes  are 
built  to  fulfil  these  functions  onh". 

One  of  the  greatest  events  in  the  histor\-  of 
the  milling  cutter  was  the  invention  of  the 
Brown  and  Sharpe  device,  known  as  the  form 
cutter,  in  consequence  of  which  the  sectional 
shape  of  the  teeth  is  retained  unimpaired  after 
hundreds  of  successive  grindings.  It  simply 
consists  in  striking  the  backing  off  curves  at  a 
different  centre  from  that  of  the  centre  of  the 
cutter.  Its  immense  value  is  seen  in  the  cutters 
for  wheel  teeth,  and  similar  curved  types. 
Once  a  cutter  is  formed  and  hardened,  its  teeth 
remain  of  exactly  the  same  section,  until  ground 
awaj'  too  thin  to  be  strong  enough  for  further 
cutting  service. 

Milling  cutters  also  occur  in  forms  once 
utterly  undreamed  of.  With  improved  methods 
of  hardening  and  grinding,  cutters  very  long  and 
large  on  the  one  hand,  or  of  irregular  profiles  on 
the  other,  do  not  present  such  great  difficulties 
as  the}'  once  did.  One  of  the  principal  reasons 
for  the  success  of  large  and  broad  surfacing 
edge  cutters  is  the  spiral  direction  given  to  the 
teeth.  This  would  not  have  been  practicable 
without  the  grinding  machines,  fitted  with  swivel 
heads  and  change  wheels.  Another  is  the  grow- 
ing employment  of  inserted  cutters,  which  are 
fitted  to  edge  and  face  mills.  These,  and  the 
solid  mills  with  staggered  teeth,  render  the 
milling  machine  capable  of  removing  coarse 
chips  over  large  areas  with  resultant  great 
economies  over  the  planers.  The  inserted 
cutters  are  many  years  old.  within  the  writer's 
knowledge,  but  their  utilisation  in  the  rotary 
planing  machines  is  a  comparative!}'  recent 
growth. 

Electricity  is  going  to  exercise  another 
influence  in  the  development  of  milling  jiractice 
— that  of  rendering  these  macliines  portal)le. 
By  means  of  the  electric  current  many  machine 
tools  are  now  taken  to  the  work  and  set  down  in 
a  convenient  position  for  operation.  Drills, 
shapers,  and  key  seaters  are  cases  in  point. 
Little  has  been  done  as  yet  in  this  direction  in 
milling  machines,  but  develo])ments  along  this 
line  will  certainly  be  witnessed  within  the  next 
few  years. 


FOUNDRY     MATTERS. 

Among  recent  foundry  developments,  that  of 
the  rapidly  increasing  use  of  moulding  machines 
must  take  a  foremost  place.  Everywhere  firms 
are  found  laying  down  these  machines,  often  to 
the  surprise  of  moulders,  who  are  unacquainted 
with  their  capabilities. 

The  difficulty  which  alwa}-s  presents  itself 
when  selecting  machines  is  that  of  adaptability 
to  the  shop  conditions.  There  are  many  dozens 
of  types  built,  and  each  in  several  sizes.  It  is 
rather  a  matter  for  surprise  where  all  these 
machines  go  to.  in  view  of  the  man}-  shops  into 
which  the\-  have  not  yet  penetrated.  But  in 
some  foundries  machines  are  laid  down  by  the 
dozen,  or  the  score,  and  where  they  are  once 
installed  they  generally  form  a  nucleus  for 
future  growth. 

The  place  par  c.wclleiice  for  moulding 
machines  is  in  those  foundries  where  work  is 
standardised.  Formerly  it  would  have  been 
correct  to  say  where  work  of  small  dimensions  is 
standardised,  but  that  restriction  no  longer  holds 
good,  for  castings  of  several  feet  in  length  or 
diameter  are  now  made  either  by  hand,  or 
l)ower.  as  readily  as  those  which  measure  a  few 
inches  onlv. 

The  mistake  which  is  apt  to  be  made  is  to 
su])pose  that  a  type  of  machine  which  is  suitable 
for  one  class  of  work  is  also  generally  adaptable 
to  all  kinds  of  work.  It  is  as  erroneous  an  idea 
as  to  imagine  that  a  machine  tool  of  one  kind 
is  universally  adaptable.  There  is  now  nearl\- 
as  much  differentiation  between  moulding 
machines  as  between  machine  tools.  They  var}- 
in  methods  of  moulding,  in  ramming,  in  rapping, 
in  withdrawal,  and  in  subsidiar}'  features  of 
their  designs,  as  well  as  in  motive  power. 
vShallow  and  deep  patterns  are  generall}"  moulded 
better  on  different  classes  of  machines,  and  light 
patterns  and  heavy  also.  In  some  cases  strip- 
ping plates  are  indispensable,  in  others  thev 
would  entail  an  vmnecessary  expenditure. 
Mechanical  ramming  is  suitable  for  some  work, 
destructive  to  others  ;   so  ie  mechanical  rapping. 

Again,  there  is  the  important  question  of 
power.  Hand  operated  machines  fill  a  useful 
l)lace  in  the  shops  ;  but  as  power  installations 
become  more  common  in  foundries,  the  hand 
machines,   excepting   for  vcr\-   light   work,    are 
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bound  to  go.  Much,  of  course,  is  done  by 
arrangements  of  levers  and  counterweighting 
to  render  the  operation  of  \'er3-  large  band 
machines  possible.  But  there  is  an  economical 
limit  to  this. 

Rival  agencies  are  steam,  water,  and  air,  all  of 
which  are  used  freely.  The  choice  of  either 
depends  generally  on  the  plant  which  happens 
to  be  laid  down.  American  makers  favour 
steam  and  air.  Germans  chiefly  employ  water. 
Sonie  of  the  latter  machines  are  of  enormous 
dimensions,  and  include  tracks  on  which  two 
boxes  are  used,  being  run  along  in  turn  under 
the  presser. 

In  shops  where  machine  moulding  becomes 
established  on  a  large  scale  everything  is  made 
3ubser\-ient  thereto.  In  some  cases  rows  of 
machines  are  fixed ;  and  boxes,  sand,  and 
moulds  are  brought  to  and  taken  awa}'  on 
tracks.  In  others  the  portable  system  is 
adopted,  and  the  machines  are  wheeled  to  the 
sand,  and  the  boxes,  and  away  from  the  finished 
moulds.  In  such  s}-stem.s  the  labour  costs 
compared  with  hand  work  come  out  in  very 
fractional  proportions,  and  skilled  labour  be- 
comes nearly  superseded.  Machine  moulding 
is  changing  the  aspects  of  many  foundries,  and 
is  destined  to  effect  greater  changes  in  the 
immediate  future. 

CRANES. 

Crane  accidents  are  much  too  frequent,  and 
they  sometimes  seem  to  take  an  epidemic  form. 
Man}"  occur  of  which  the  public  never  hear 
because  they  occur  in  shops.  Only  when  the}' 
terminate  fatall}-,  or  when  a  serious  accident 
occurs  that  must  be  reported  to  the  district 
inspector  of  factories,  or  when  they  occur  on 
public  works,  do  they  become  matters  of  general 
knowledge. 

Accidents  happen  in  course  of  erection,  during 
testing,  and  in  actual  service.  There  are  also 
many  narrow  escapes.  To  say  these  are  all  pre- 
ventable would  be  going  too  far,  but  many  of 
them  are  due  to  bad  design,  carelessness  in 
erecting,  or  inefficient  operation. 

The  fracture  of  bed  castings  is  a  frequent 
cause  of  accidents.  This  chiefly  occurs  in  new 
designs.  It  is  not  easy  to  apportion  the  sections 
of  beds  to  correspond  with  the  strains  without 
much  practical  experience.     The  reason  is  that 


stresses  due  to  unequal  cooling  lessen  the  calcu- 
lated strengths,  in  designs  which  are  not  the 
outcome  of  previous  practical  experience. 

Other  castings  which  have  broken  are  chiefl\- 
side  cheeks  or  frames,  due  to  the  pull  of  the 
tension  rods  of  the  jib.  This  occurs  chiefly 
in  consequence  of  a  heavy  surging  of  the  load, 
in  which  event  the  load  in  front,  and  the  balance 
behind,  pulling  against  each  other,  severelv 
strain  the  side  frames.  Sometimes  the  tension 
rods  or  chains  have  failed  instead  of  the  frames, 
in  consequence  of  these  strains.  In  minor  cases 
the  jib  has  been  bent  sideways.  Accidents  of 
these  kinds  are  mostly  due  to  sudden  and  severe 
shocks,  rather  than  to  steady  stresses. 

Chains  become  a  dangerous  element  in  cranes, 
unless  they  are  frequently  overhauled  and 
tested,  by  inspection,  and  by  tapping  them  link 
by  link  with  a  hammer.  Chains,  originally 
sound,  develop  crystallisation  and  minute  cracks 
unless  they  are  annealed  at  intervals  of  six  or 
twelve  months,  by  heating  them  to  a  red  heat, 
and  allowing  them  to  cool  down  slowl}'. 

A  rather  frequent  accident  is  that  due  to  the 
running  down  of  the  jib  in  derrick  cranes. 
This  is  owing  to  neglecting  to  put  in  the  clutch. 
There  are  safety  devices  patented,  but  they  are 
not  much  used. 

Sometimes  a  crane  surges  backward  and  falls 
over  when  heavily  counterbalanced,  due  to  the 
too  sudden  release  of  the  load.  Overhead 
travelhng  cranes  are  especially  hable  to  break 
down  unless  well  designed.  Several  instances 
have  occurred  of  travellers  running  off  the  rails 
and  tumbling  into  the  shop  or  yard  below. 
This  may  be  the  result  of  too  short  a  wheel 
base,  or  to  too  loose  fitting  of  the  flanges  of  the 
wheels  to  the  rails.  It  is,  of  course,  sometimes 
due  to  overloading. 

Risks  of  accident  can  never  be  entirt-l}' 
eliminated,  because  of  the  frequency  of  new 
designs,  and  divergence  in  types  becomes 
constantly  more  and  more  marked.  As  long  as 
crane  firms  work  on  old  well-proved  designs, 
they  are  safe  enough;  for  good  cranes,  like 
perfect  machines  of  other  kinds  are  evolved,  and 
not  designed  perfectly,  nb  initiu.  There  are 
always,  therefore,  some  elements  of  uncertainty 
and  risk  in  novelties,  and  therefore  accidents  will 
sometimes  occur  in  spite  of  every  precaution. 
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NEW    ADMIRALTY    SCHEME, 


The  Scheme  Criticised  hv  a  Xavai,  Engineer. 


I.     NOTES   BY    A  NAVAL   OFFICER. 


T^  EFERENCE  was  recently  made  in  this 
magazine  to  an  expected  Admiralty 
scheme  of  reform  in  naval  education  and 
training.  The  scheme  is  now  known,  and 
it  must  be  ct)nsidered  in  the  first  j^lace 
a  veritable  triumph  for  science,  and  j^rimarily, 
for  the  science  of  engineering  in  all  its 
branches.  The  scheme  is  a  recognition  to  the 
fullest  extent,  not  only  of  the  fact  that  the 
mechanical  engineer  has  superseded  the  practical 
sailor  as  the  supervisor  of  the  motive  i)owcr  of 
the  shi]),  but  that  the  person  who  directs  the 
motion  of  the  ship  and  uses  that  ship's  armament 
must  have  a  higher  scientific  training  than  is 
given  him  to-day.  I  should  be  the  last  to  dis- 
pute that  many  of  the  flag  officers,  captains, 
and  commanders,  who  direct  and  control  the 
movements  of  our  squadrons  and  ships  arc  not 
engineers  in  the  highest  sense  of  the  word,  but 
it  must  be  acknowledged  that  they  have  become 
so  in  spite  of  many  difficulties,  and  not  because 
of  official  assistance.  It  is  unnecessary  to  search 
for  examples  of  naval  engineers,  in  the  sense  in 
which  I  have  used  the  term,  in  the  service  itself, 
we  have  only  to  look  at  those  men  who  have 
come  out  of  the  service  and  taken  civil  employ 
with  the  great  engineering  firms  of  Armstrong, 
Whitworth  and  Co.,  Vickers,  Sons,  and  Maxim, 
and  Whitehead,  the  tor])edo  ])uildcr,  to  under- 
stand  how  even  on  the  naval  training  of  the 


j)resent  day  may  be  grafted  qualifications 
which  are  in  the  highest  degree  scientific.  It 
has  been  said,  and  perhaps  with  a  certain  founda- 
tion, that  there  are  no  marine  engineers  on  the 
Board  of  Admiralty  ;  but  this  is  no  longer  true, 
if  we  substitute  for  the  term  marine  engineer 
that  of  engineer  without  the  qualifying  adjective. 
The  majority  of  admirals  on  the  Board  are 
scientific  rnen,  men  who  are  engineers  by  reason 
of  their  high  attainments  in  connection  with  the 
sciences  of  gunnery,  electricity,  and  applied 
mechanics.  The  Admiralty  scheme,  as  I  under- 
stand it,  will  add  to  the  other  qualifications  of 
t)ur  naval  officers  a  full  knowledge  of  the  science 
of  marine  engineering. 

Putting  on  one  side  what  we  may  properly 
term  the  civil  branches  of  the  Navy,  those  con- 
nected with  medicine,  the  Church,  and  the 
accountant  duties,  there  are  three  classes  of 
officers,  the  scope  of  whose  work  lies  with  the 
movement,  direction,  and  combatant  powers  of 
a  man-of-war.  The  officers  of  these  three  classes 
are  now  supplied  by  three  different  methods  ; 
the  executive  officers  to  whom  are  entrusted  the 
direction,  control  and  fighting  powers  of  theship, 
are  entered  young,  by  nomination,  and  pass 
through  a  training  ship,  the  Britannia ;  the 
engineer  officers,  who  provide  the  motive  power 
of  the  shij:)  enter  somewhat  older  and  by  various 
channels,  and  undergo  quite  a  different  training  ; 
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the  marine  officers,  whose  functions  are  entirely 
cUfterent  again,  enter  in  another  manner,  and 
these  classes  in  their  upward  progress  to  the 
superior  grades  remain  totally  distinct  from 
one  another.  The  new  scheme  brings  all  three 
together  at  the  point  of  entry,  makes  no  differ- 
ence in  their  early  training,  no  distinction  in 
their  titular  nomenclature,  or  uniform,  and 
opens  to  every  officer  the  possibility,  if  no 
more,  of  rising  to  the  highest  posts  which  the 
Navy  offers.  It  provides,  indeed,  that  the  naval 
officer  of  the  future  shall,  by  his  training,  com- 
bine in  himself  the  possibilities  of  performing 
the  functions  of  all  or  any  of  those  pertaining 
to  the  three  classes  as  they  are  at  present. 
As  Lord  Selborne  says  in  the  memorandum  : 
"  The  policy  of  the  Board  is  to  create  a  body 
of  young  officers  who  at  the  moment  of  mobi- 
lisation for  war  will  be  equally  available  for 
all  the  general  duties  of  the  fleet,  and  to  con- 
solidate into  one  harmonious  whole  the  fighting 
officers  of  the  Navy." 

To  give  this  training  it  is  necessary  that  the 
officer  should  be  entered  when  he  is  but  a  boy, 
and,  in  order  to  remove  all  traces  of  social  dif- 
ference, by  nomination.  All  the  educational 
authorities  are  agreed  that  to  put  a  boy  before 
he  has  attained  the  age  of  fourteen  through  a  stiff 
competitive  examination  would  be  an  error. 
The  competition  therefore  will  be  limited  by 
limiting  the  number  of  entries — in  other  words, 
by  restricting  nomination.  But,  having  passed 
his  preliminary  examination,  the  boy's  practical 
education  at  once  begins.  Alongside  his  mental 
culture  he  will  receive  a  training  in  the  shop  at 
the  lathe  and  with  the  tools  of  the  mechanical 
handicraftsman.  After  from  three  to  four  years 
of  this  training  he  will  go  to  sea  as  a  midshipman 
to  acquire  the  capacity  for  command,  for  assum- 
ing responsibility,  for  exercising  self  control,  and 
to  gain  that  intimate  knowledge  of  his  profession 
which  can  only  be  obtained  by  placing  him 
when  young  in  charge  of  men.  He  then  returns 
to  college  to  undergo  a  further  training  both 
theoretical  and  practical.  Hitherto,  all  the 
young  officers  have  been  trained  together,  but 
now,  after  the  last  period  of  training,  there  will 
be  an  opportunity  for  the  sub-lieutenant  to 
differentiate  and  to  choose  for  himself  the  line  in 
which    he    desires    to    make    further    progress. 


Three  lines  will  be  open  to  him,  those  of  marine 
engineering,  executive  or  deck  work,  and  that 
of  the  marine.     Having  made  his  choice,  he  has 
again  to  undergo  a  course  of  training  specialised 
according   to    the  line    he    has   selected.      The 
lieutenant  E.  will  be  given  every  opportunity  to 
make  himself  acquainted  with  that  particular 
branch  of  science  he  affects,  and  similarly  the 
lieutenant  G.  and  the  lieutenant  M.     Nor  do  the 
examinations   end    here,    for    lieutenants    will 
have  to  pass  for  the  rank  of  commander.     Thus 
every  officer  will  be  qualified  to  keep  a  watch 
on  deck  or  in  the  engine  room,  to  command  a 
gun's  crew  or  handle  a  company  of  infantry,  to 
navigate  the  ship,  and  to  repair  the  machinery 
if  mishaps  occur.  It  does  not  follow,  of  course, 
that  an  officer  will  have  to  take  spanner  or  cold 
chisel  in  hand,  but,  just  as  the  sailor  officer  knew 
how  to  pass  a  weather  reef  earring  in  a  gale  of 
wind  or  send  down  an  upper  yard,  so  will  the 
scientific  officer  of  the  future  know  how  to  meet 
emergencies  with  his  electrical  and  other  engines, 
though  he  may  not  actually  have  to  put  his  hand 
to  them. 

It  is  unnecessary  here  to  refer  in  detail 
to  the  other  changes  brought  about  by  this 
great  scheme,  which  some  may  call  revo- 
lutionary, but  which  seems  to  me  to  be 
merely  the  natural  development  brought  about 
by  the  scientific  progress  of  the  age. 

Not  all  of  these  changes  have  been  received 
with  general  approbation ;  criticism  there  must 
be,  and,  very  naturally,  some  of  the  older  officers 
have  been  horrified  by  ideas  which  appear  to 
them  so  novel  and  so  startling.  But,  on  the 
whole,  I  believe  that  the  more  closely  the 
scheme  is  considered  the  more  sound-minded 
men  will  apj)laud  it,  will  be  grateful  for  the 
courage  which  has  inspired  it,  and  for  the 
marvellous  administrative  grasp  which  is  shown 
in  every  detail. 

LORD   SELBORNES   MEMORANDUM. 

Lord  Selborne's  memorandum  dealing  with 
the  entry,  training,  and  employment  of  officers 
and  men  of  the  Royal  Navy  and  tlie  Koyal 
Marines  was  published  on  Christmas  Day, 
and  is  introduced  by  a  statement  of  the  reasons 
which  rendered  reorganisation  in  these  matters 


174 


Page's   Magazine. 


necessary. 

says  : — 


In  these   introductory  remarks  he 


The  Navy  has  reached  a  critical  period  in  its  develop- 
ment— a  development  which,  steady  and  comparatively 
slow  for  the  greater  part  of  the  last  century,  has  now  for 
fifteen  years  proceeded  with  startling  rapidity. 

After  the  great  war,  from  1815  onwards,  there  ensued  a 
period  of  readjustment  and  retrenchment  ;  the  half-pay 
list  embraced  the  majority  of  the  officers  of  the  Xavy  ; 
comparatively  few  ships  were  in  commission  ;  it  was 
necessarily  not  a  period  of  innovation  or  of  new  ideas. 

The  application  of  steam  to  ships  of  war  as  a  source  of 
motive  power  was  the  first  sign  that  the  old  order  was 
beginning  to  change.  At  first  admitted  grudgingly  as  an 
occasional  auxiliary  to  the  sails,  then  acknowledged  as 
an  equal  partner,  then  winning  for  itself  supremacy,  to- 
day the  steam-engine  has  no  rival,  and  sails  have  for  ever 
disappeared  from  the  equipment  of  fighting  ships. 

Gradual  as  was  the  revolution  in  respect  of  steam,  so 
w'ere  the  changes  gradual  in  respect  of  the  type  of 
ship,  her  armour,  and  her  guns.  The  wooden  Victory, 
with  her  sail  power  and  her  100  guns,  eventually  became 
transformed  into  the  iron  Inflexible,  with  her  oval-tank 
boilers  and  her  four  80-ton  guns,  but  the  process  had  been 
a  slow  one.  The  Navy  had  then  been  brought  to  the  verge 
of  a  period  in  which  vast  improvements  were  about  to 
take  place  in  the  battleship  herself  and  in  all  the  materiel 
which  she  contained.  Cylindrical  or  locomotive  boilers  at 
low  pressures  were  to  give  place  to  water-tube  boilers  at 
300-Ib.  pressure  ;  the  strength  and  power  of  the  engines 
was  to  receive  marvellous  development  ;  numberless 
auxiliary  engines  were  to  replace  manual  labour  or  to 
fullil  functions  unknown  before  among  naval  require- 
ments ;  muzzle-loading  were  to  give  place  to  breech- 
loading,  and  they  in  their  turn  to  quick-firing  guns  ; 
brown  powders,  with  much  smoke  and  low  velocities, 
were  to  be  replaced  by  smokeless  powders  giving  an 
ever-increasing  velocity  ;  the  storm  of  shot  and  shell 
capable  of  being  poured  into  or  from  a  ship  was  to 
become  ever  more  rapid  and  ever  more  murderous  ;  to 
meet  these  conditions  the  whole  fabric  of  the  ship  was 
to  change,  and  Krupp  or  Harveyised  steel  to  be  sub- 
stituted for  compound  armour,  as  compound  armour  had 
in  its  turn  been  substituted  for  iron  ;  and,  linally.  tlic 
ship  herself,  whose  form  and  lines  had  during  the  tian- 
sition  period  been  the  subject  of  wild  experiment,  was  to 
regain  a  settled  type  in  the  Majestic  class. 

By  a  strange  decree  of  fate  the  climax  of  this  revolu- 
tion in  the  materiel  of  the  Navy  has  synchronised  with 
its  recent  extraordinary  development  of  strength  in  ships 
and  of  sh-ength  in  men. 

It  is  dinicult  to  measure  the  change  which  has  taken 
place  in  the  last  fifteen  years.  In  that  short  period  the 
officers  and  men  of  the  Navy  and  marines  have  increased 
from  about  60, coo  to  over  120,000.  There  are  several 
foreign  navies  more  powerful  to-day  than  the  British 
Navy  was  fifteen  years  ago,  and  yet  the  relative  standard 
has  been  maintained.  Of  the  ships  which  formed  the 
effective  ships  of  the  Navy  fifteen  years  ag(j  but  few 
remain  on  the  effective  list  now. 

The  country  can  judge  for  itself  what  years  of  strenuous 


labour  these  have  been  for  the  Admiralty,  years  in  which 
every  task  fulfilled  was  forgotten  in  the  anxious  effort  to 
fulfil  tasks  which  had  yet  to  be  done. 

Throughout  this  period  the  Board  never  lost  sight  of 
the  most  important  question  of  all  those  which  con- 
fronted them,  the  education  and  training  of  the  officers 
and  men  of  the  Navy,  and  the  adaptation  of  that  education 
and  training  to  the  new  conditions  under  which  the  Navy 
has  to  work.  Last  year  it  was  decided  that  the  time  had 
come  formally  to  announce  that  training  in  masts  and 
yards  had  disappeared  never  to  return,  and  the  growing 
importance  of  a  fuller  knowledge  of  engineering'  was 
emphasised  by  the  order  that  in  the  future  gunnery  and 
torpedo  lieutenants  were  to  be  held  responsible  for  the 
care  of  the  mountings  and  machinery  of  the  weapons 
over  which  they  have  charge. 

In  the  old  days  it  sufficed  if  a  naval  officer  were  a 
seaman.  Now  he  must  be  a  seaman,  a  gunner,  a 
soldier,  an  engineer,  and  a  man  of  science  as  well.  It 
is  not  only  that  machinery  driven  by  electric,  hydraulic, 
or  steam  power  is  every  year  becoming  more  complicated 
in  character  and  multiplying  in  form,  and  that  therefore 
a  more  extensive  education  in  applied  science  is  necessary 
for  specialised  officers,  hut  in  various  ways  the  need  iov 
a  more  general  scientific  training  has  become  apparent. 
In  dealing  with  this  question  the  Board  have  been  always 
conscience  of  the  supreme  importance  of  preserving  to 
the  naval  officer  his  unmistakable  naval  character. 

This  character  is  developed  from  the  early  training  in 
responsibility,  the  powers  of  self-reliance  thereby 
engendered,  and  the  essential  unity  of  the  service. 
Notwithstanding  the  fact  that  during  the  transition  period 
the  system  of  naval  education  has  been  the  subject  of 
much  criticism,  the  character  of  the  naval  officer  has 
remained  unimpaired,  and  character  is  of  more  value  than 
knowledge.  Now,  however,  as  always,  the  highest  type 
of  naval  officer  is  that  wherein  great  professional 
knowledge  is  added  to  force  of  character.  The  danger 
within  the  Navy  itself  is  lest  insufficient  importance 
should  be  attached  to  the  results  of  study  and  lest  the 
value  of  what  is  called  the  practical  character  should  be 
placed  higher  than  it  deserves.  It  is  true  that  no  student 
will  ever  become  a  victorious  leader  unless  he  is  also  a 
practical  seaman  and  has  the  power  of  influencing  men  ; 
but  it  is  also  true  that  no  seaman,  however  practical,  will 
be  fit  to  rise  beyond  a  certain  rank  unless  he  has 
thought  out  the  problems  of  his  calling  as  a  student,  and 
has  (jmitted  no  opportunity  of  acquiring  the  knowledge 
that  makes  up  the  science  of  his  profession.  The  officers 
of  the  Navy  have  never  had  cast  on  them  a  greater 
responsibility  than  at  present,  or  one  more  difficult  to 
fulfil.  Their  task  will  be  impossible  unless  the  Navy  is 
kept  abreast  of  the  scientific,  intellectual,  and  physical 
progress  of  the  age,  and  it  is  they  themselves  who  must 
keep  it  there. 

The  strength  which  its  unity  gives  to  the  service  can 
hardly  be  over-estimated,  yet  in  respect  of  this  very 
matter  a  strangely  anomalous  condition  of  affairs  exists. 
The  executive,  the  engineer,  and  the  marine  officers  are 
all  necessary  for  the  efficiency  of  the  fleet  ;  they  all  have 
to  serve  side  by  side  throughout  their  career  ;  their 
unity  of  sentiment  is  essential  to  the  welfare  of  the  Xavy  ; 
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yet  they  all  enter  the  service  under  dilYerent  regulations, 
and  they  have  nothing  in  common  in  their  early  training. 
The  result  is  that  the  executive  officer,  unless  he  is  a 
gunnery  or  torpedo  specialist,  has  been  taught  but  a 
limited  amount  of  engineering,  although  the  ship  on 
which  he  serves  is  one  huge -box  of  engines  ;  that  the 
engineering  officer  has  never  had  any  training  in  execu- 
tive duties  ;  that,  from  lack  of  early  sea  training,  the 
marine  ofticer  is  compelled  sorely  against  his  will  to 
remain  comparatively  idle  on  board  ship  when  everyone 
else  is  full  of  work  ;  and  that  the  spirit  of  unity  has  not 
yet  been  carried  to  its  full  development. 

The  Board  of  Admiralty  have  studied  this  question  of 
the  education  and  training  of  naval  and  marine  officers 
with  prolonged  and  assiduous  care,  and  they  have 
determined  on  changes  which  they  are  convinced  are 
adapted  to  the  changed  conditions  of  the  time  and  will 
increase  the  efficiency  and  solidarity  of  the  service. 

These  changes  are  far-reaching,  and  in  some  respects 
sweeping,  but  the  scheme  which  necessitates  them  is 
framed  in  pursuance  of  a  definite  policy,  is  planned  on 
clear  lines,  is  designed  to  deal  with  the  .problem  as  a 
whole,  and  is  throughout  conceived  in  a  spirit  of 
veneration  for  all  that  is  best  and  highest  in  the 
traditions  of  the  service. 

THE     NEW     SCHEME. 

By  the  new  scheme  all  olticers  for  the  execti- 
tive  and  engineer  branches  of  the  Navy  and 
for  the  Royal  Marines  will  enter  the  service  as 
naval  cadets  under  exactly  the  same  condi- 
tions between  the  ages  of  twelve  and  thirteen. 
These  cadets  shall  all  be  trained  on  exactly  the 
same  system  until  they  shall  have  passed  for 
the  rank  of  sub-lieutenant,  between  the  ages  of 
nineteen  and  twenty.  They  will  then  be  dis- 
tributed between  the  three  branches  of  the 
service  which  are  essential  to  the  lighting 
efticiency  of  the  fleet.  The  result  aimed  at  is, 
to  a  certain  point,  community  of  knowledge, 
and  life-long  community  of  sentiment.  These 
opportunities  will  be  secured  by  a  policy  of 
one  system  of  supply,  one  system  of  entry,  and 
one  system  of  training. 

ENTRY    AND  TRAINING    UP    TO    THE    AGE   OF   ABOUT 
TWENTY. 

In  his  outline  of  the  scheme,  Lord  Selborne 
states  that  every  detail  .connected  with  the 
education  of  these  young  ofiicers  will  be  care- 
fully thought  out  and  considered,  and  the  best 
authorities,  naval  and  civil,  will  be  consulted  by 
the  Board  of  Admiralty. 

He  next  explains  why  it  has  been  decided  to 
revert  to  the  early  age  of  twelve  or  thirteen 
for  entry.  This  is  considered  necessary  if  the 
cadets  are  to  receive  that  increased  professional 


education  which  is  retjuircd  to  qualify  them  to 
become  commissioned  ofiicers.  The  age  not  only 
corresponds  to  that  at  which  the  history  of  the 
Navy  shows  that  boys  have  been  most  success- 
fully moulded  to  sea  character,  but,  also,  it 
corresponds  to  the  age  at  which  boys  leave 
private  schools,  and  therefore  to  a  natural 
period  in  the  system  of  education  which 
obtains  in  this  country. 

The  entrance  examination  to  the  new  Royal 
Naval  College,  which  thus  takes  the  place  of  a 
public  school,  will  be  of  an  elementary  kind, 
and  confined  to  those  subjects  in  which  a  care- 
fully educated  boy  has  usually  been  instructed 
up  to  the  age  of  thirteen. 

For  all  cadets  entered  under  these  regulations 
payment  will  have  to  be  made  to  the  Admiralty 
at  the  rate  of  ;^'75  per  annum  for  the  period 
under  training,  and  there  will  be  charges  also 
for  expenses  incurred  by  the  cadet,  such 
as  for  washing,  repairing  boots  and  clothes, 
hair-cutting,  pocket-money,  etc.  From  the 
expiration  of  their  period  of  training  until  they 
reach  the  rank  of  acting  sub-lieutenant,  their 
parents  or  guardians  will  be  further  required  to 
make  a  private  allowance  of  ^50  per  annum  to 
each  cadet.  Additional  information  on  this  and 
other  subjects  connected  with  the  expense  of 
entering  a  boy  will  be  found  in  the  memoran- 
dum referred  to. 

While  the  cadets  are  under  instruction  at  the 
Royal  Naval  College,  and  before  going  to  sea, 
they  will  all  receive  similar  instruction,  which 
will  comprise  an  extension  of  the  present 
Biilannia  course,  including  elementary  in- 
struction in  physics  and  marine  engineering, 
with  the  use  of  tools  and  machines  in  connec- 
tion therewith.  At  any  time  during  their  period 
of  training,  cadets  who  fail  to  attain  a  minimum 
standard  or  to  show  promise  of  sufficient 
development  of  intellect  must  be  requested  to 
withdraw.  Lord  Selborne  goes  on  to  state 
that  :— 

At  the  end  of  this  period  the  cadets  will  ,i;>'  t"  -e.i  and 
become  midshipmen  (Britannia  time  counting,  as  at 
present).  Special  attention  will  then  he  paid  to  their 
instruction  in  mechanics  and  the  other  applied  sciences 
and  to  marine  engineering.  The  instruction  of  the 
midshipmen  in  seamanship  will  be  given  as  at  present  by 
an  executive  officer  deputed  by  the  captain  ;  otherwise 
it  will,  under  the  general  responsibility  of  the  captain, 
be  supervised  by  the  engineer,  gunnery,  marine,  navi- 
gating, and  torpedo  lieutenants  of  their  respective  ships  ; 
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they  will  be  examined  annually  as  to  their  progress  in 
seamanship,  navigation  and  pilotage,  gunnery,  torpedo 
work,  and  engineering,  all  set  papers  being  as  at  present 
sent  from  the  Admiralty  ;  and  at  the  end  of  three  years 
every  midshipman  who  has  passed  the  qualifying  standard 
at  the  last  annual  examination  and  the  final  examination 
in  seamanship  before  a  board  of  three  captains  or  com- 
manders (constituted  as  at  present)  will  become  an  acting 
sub-lieutenant,  and  return  to  England.  These  acting 
sub-lieutenants  will  then  go  to  the  college  at  Greenwich 
for  a  three  months'  course  of  mathematics  and  navigation 
and  pilotage,  followed  by  an  examination,  and  afterwards 
to  Portsmouth  for  a  six  months'  course  in  gunnery, 
torpedo,  and  engineering,  at  the  close  of  which  they  will 
be  examined,  receive  their  classification,  i,  2,  3,  in  each 
subject,  and  on  passing  out  be  confirmed  in  the  rank  of 
sub-Heutenant. 

Before  the  period  arrives  at  which  the  first  batch  of 
cadets  under  the  new  system  have  to  go  to  sea,  the  board 
will  have  considered  very  carefully  and  will  have  decided 
whether  they  shall  be  sent  for  the  whole  three  years  as 
midshipmen  to  battleships  and  cruisers  ordinarily  com- 
missioned, or  whether  the  first  part  of  this  period  shall 
be  passed  in  specially  commissioned  training-ships.  It 
is  quite  decided  that,' at  iwhatever  period  they  are  posted 
to  ordinarily  commissioned  battleships  and  cruisers,  com- 
pulsory school  on  board  these  ships  shall  cease. 

When  the  young  otlicers,  aged  nineteen  to  twenty,  have 
passed  out  of  the  college  at  Portsmouth  as  sub-lieutenants, 
and  have  gained  their  classification  in  the  dift'erent 
subjects  of  the  examination,  their  careers  for  the  first 
time  will  begin  to  diverge,  and  they  will  be  posted  to 
the  executive  or  to  the  engineer  branch  of  the  Navy  or 
to  the  Royal  Marines.  As  far  as  possible  each  officer 
will  be  allowed  to  choose  which  branch  he  will  join,  but 
this  must  be  subject  to  the  proviso  that  all  branches  are 
satisfactorily  filled.  Xo  sub-lieutenant  will  be  compelled 
to  join  a  branch  for  which  he  did  not  enter  as  a  .boy 
when  applying  for  a  nomination,  but  in  giving  nomina- 
tions for  competition  for  entrance  to  the  Bntaiinia, 
preference  will  (other  things  being  equal)  be  given  to 
those  boys  whose  parents  or  guardians  declare  for  them 
that  they  will  be  ready  to  enter  either  of  the  three 
branches  of  the  service.  The  Board  of  Admiralty  will 
thus  have  in  reserve  a  means  of  remedying  a  surplus  or 
deficiency  in  either  of  the  three  branches,  and  of  insuring 
that  every  branch  receives  a  due  proportion  of  the  most 
capable  officers. 

Up  to  this  pi)int  the  young  olficers'  characters  have 
been  formed  in  one  school,  and  all  these  sub-lieutenants 
have  received,  as  the  foundation  of  their  professional 
education,  that  common  knowledge  which  all  alike  require. 
Henceforward  their  education  must  be  dift'ereiitiated  to 
make  them  fit  to  perform  those  speciahsed  duties  which 
are  the  product  of  modern  science. 

THE     EXECUTIVE     BRANCH. 

The  sub-lieutenants  who  join  this  branch  will 
go  to  sea  for  two  years,  and  after  that  will  be 
promoted  to  the  rank  of  lieutenant  on  gaining 
the  same  qualifying  watch-keeping  certificate  as 


at  present.  Those  who  are  selected  to  be 
trained  as  specialists  in  gunnery,  torpedo,  or 
navigation,  will  go  to  the  Ro^^al  Naval  College 
at  Greenwich  for  special  courses,  and  an  entrance 
examination  will  be  instituted  at  Greenwich 
for  these  specialists.  Before  promotion  to 
commander  a  qualifying  examination  must  be 
passed  in  the  following  subjects  :  Court-martial 
procedure,  international  law,  knowledge  of 
British  and  foreign  warships,  guns,  torpedos, 
etc.,  naval  history,  signals,  strategy,  tactics,  and 
battle  formations.  They  will  not,  however,  be 
able  to  offer  themselves  for  this  examination  till 
they  have  attained  live  years'  seniority  in  the 
rank  of  lieutentant. 

THE    ENGINEER    BRANCH. 

Sub-lieutenants  of  this  branch  (says  Lord  Selborne) 
will  go  to  the  College  at  Keyham  for  a  professional 
course,  the  exact  duration  of  which  will  be  determined- 
with  great  care.  At  the  expiration  of  this  course  a 
proportion,  to  be  equally  carefully  determined,  will  be 
selected  to  go  to  Greenwich  for  a  further  course,  while 
the  remainder  go  to  sea.  They  will  then,  if  found 
qualified,  all  be  promoted  to  be  lieutenants  under  the 
same  conditions  as  the  executives.  The  nature  and  dura- 
tion of  the  special  course  at  Greenwich  will  be  very 
carefully  determined,  and  an  opportunity  will  be  afforded 
to  those  officers  selected  for  it  to  make  themselves 
acquainted  with  the  latest  developments  of  engineering 
science,  not  only  at  Greenwich,  but  at  the  great  civil 
engineering  establishments  and  institutions  which  are  to 
be  found  in  the  country. 

By  these  arrangements  sub-lieutenants  of  the  engineer 
branch  will  obtain  their  step  in  rank  at  the  same  age  as 
the  sub-lieutenants  of  the  executive  branch,  and  they 
will  enjoy  the  same  opportunities  of  accelerated  promo- 
tion according  to  the  classifications  they  receive  at  their 
previous  examinations.  The  ranks  of  engineer  officers 
will  be  assimilated  to  the  corresponding  ranks  of  execu- 
tive officers  and  the  engineer  officers  will  wear  the  same 
uniform  and  bear  the  same  titles  of  rank — e.g.,  sub- 
lieutenant (E),  lieutenant  (E),  commander  (E),  captain 
(E),  and  rear-admiral  (E).  The  engineer  branch  will 
receive  additional  pay,  and  although  it  is  proposed  to 
make  the  division  into  the  various  branches  definite  and 
final,  every  endeavour  will  be  made  to  provide  those  who 
enter  the  engineer  branch  with  opportunities  equal  to 
those  of  the  executive  branch,  including  the  same 
opportunity  of  rising  to  flag  rank. 

The  promotion  of  future  lieutenants  (E)  and  com- 
manders (E)  will,  as  in  the  case  of  the  executive  officers 
be  by  selection  and  qualifying  service,  and  in  the  case  of 
lieutenants  (E)  a  qualifying  examination  for  promotion 
to  commander  (E)  will  be  instituted  ;  moreover,  the  pro- 
portion of  different  ranks  in  the  engineer  branch  will,  as 
far  as  possible,  be  assimilated  to  that  which  will  be 
fixed  for  the  executive  branch  by  the  committee  which  is 
specially  considering  this  ciuestion  under  the  chairmanship 
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of  Lord  Goschen.  The  endeavour  will  also  be  made  to 
find  a  suitable  number  of  high  appointments  for  the 
flag  officers  of  the  engineer  branch. 

Amplifying  and  explaining  the  above  state- 
ment that  the  division  into  the  various  branches 
will  be  delinite  and  hnal,  Lord  Selborne  has 
written  to  a  correspondent,  pointing  out  that 
this  announcement  can  only  apply  to  the  prin- 
ciple by  which  the  present  Board  must  be  guided 
in  providing  recruits  for  the  three  branches,  and 
leaves  a  future  Board  perfectly  free  to  relax  the 
rule  if  it  thinks  lit ;  but  it  follows,  of  course,  that 
unless  a  future  Board  does  think  fit,  in  the 
interests  of  the  service,  to  relax  the  rule,  the 
division  will  remain  definite  and  final,  and  there 
will  be  no  interchangeability.  He  says  no 
useful  purpose  can  be  served  by  speculating  on 
what  a  Board  may  do  ten  years  hence  or  more  ; 
the  essential  thing  is  that  they  should  be  free  to 
do  whatever  in  their  time  is  best  for  the  service. 
This  essential  freedom  of  action  will  be  secured 
by  the  present  scheme. 

THE     ROYAL     MARINES. 

It  is  unnecessary  to  say  more  here  on  this 
subject  than  that,  after  his  final  examination  as 
sub-lieutenant  along  with  the  future  executive 
and  engineer  officers,  the  young  Royal  Marine 
officer  will  receive  his  special  military  training 
during  the  next  two  years,  partly  at  the  college 
at  Greenwich  and  partly  at  the  headquarters  of 
the  marine  divisions.  Specially  good  officers 
will  be  permitted  to  qualify  as  gunnery  and 
torpedo  lieutenants,  provided  they  have  kept 
watch  at  sea  for  one  year.  They  will  all  be 
available  for  keeping  watch  at  sea  and  for 
general  executive  duties  ;  and  on  shore,  when 
employed  with  landing  parties  in  naval  brigades, 
naval  and  marine  officers  will  take  command  of 
one  another  according  to  their  seniority  in  their 
respective  ranks. 

THE     TRANSITION     STAGE. 

It  is  as  well  to  quote  Lord  Selborne  at  length 
on  this  particular  point,  as  it  has  already  become 
the  subject  of  some  discussion  and  controversy. 
It  will  be  seen  that  unless  some  modification 
occurs  it  may  give  rise  to  some  curious  anoma- 
lies, as,  for  example,  there  will  be  in  charge  of 
the  engine-room  department  an  oflicer  in  the 
old  uniform  and  without  executive  training,  and, 
under  him,  tv/o  classes  of  ofiicers,  one  in  the  old 
uniform  and  without  executive  training,  and  the 


other  wearing  the  executive  "curl  "  and  entered 
under  the  new  system  of  training.  It  is  obvious, 
however,  that  in  a  practical  service  like  the 
Navy  these  distinctions  cannot  be  allowed  to 
continue,  and  that  changes  will  come  about 
making  for  their  settlement  and  unification. 

The  cadet  now  takes  about  four  and  a  half  years  to 
become  an  acting  sub-lieutenant  ;  under  the  new  system 
he  will  become  fitted  for  the  general  services  of  the  fleet 
in  seven  years,  while  the  engineer  and  Royal  Marine 
officer  will  require  about  two  years  more  for  their  special 
professional  instruction.  The  new  system  will  be  intro- 
duced in  Midsummer,  1903.  To  fill  the  lists  during  the 
interregnum  between  the  old  scheme  and  the  new  it  will 
become  necessary  to  have  recourse  to  double  entries  for 
a  period.  After  the  entry  of  cadets  from  twelve  to 
thirteen  has  commenced,  the  normal  number  of  entries 
at  fourteen  and  a  half  to  fifteen  and  a  half  must  continue 
to  be  made  for  two  and  a  half  years,  so  as  to  supply 
executive  officers  during  the  interregnum.  The  normal 
entries  for  the  Royal  Marine  Light  Infantry  must  continue 
for  six'  years,  and  those  for  the  Royal  Marine  Artillery 
must  continue  for  five  years  at  the  present  age  ;  while  the 
entry  of  engineer  students  at  fourteen  and  a  half  to 
sixteen  and  a  half  must  also  continue  for  five  years.  The 
result  of  this  will  be  that  for  two  and  a  half  years  or 
rather  more  there  must  be  two  sets  of  cadets,  those  aged 
fourteen  and  a  half  to  fifteen  and  a  half,  and  those  aged 
from  twelve  to  thirteen  ;  for  many  reasons  it  i>  considered 
unadvisable  that  these  two  sets  of  cadets  should  be 
trained  together ;  it  has,  therefore,  been  decided  to 
educate  the  younger  ones  in  the  Isle  of  Wight,  where  Hi> 
Majesty  has  graciously  put  at  their  disposal  a  portion  of 
the  Osborne  estate. 

THE     PRESENT     ENGINEER     OFFICER. 

The  Board  are  confident  that  the  naval  engineer  officer 
of  the  future  will  maintain  to  the  full  the  high  traditions 
of  the  present  engineer  branch,  but  they  feel  that  this 
scheme  would  not  be  complete  if  it  did  not  include 
changes  designed  to  harmonise,  as  far  as  possible,  the 
position  of  the  present  officers  of  the  engineer  branch 
with  the  spirit  of  the  future  organisation. 

Accordingly  the  following  changes  will  be  made  in  the 
designations  of  rank  : — 

Engineer  students  will  become  engineer  cadets,  and 
the  College  at  Keyhain  will  be  known  as  the  Royal 
Naval  Engineering  College. 

Assistant  engineers  for  temporary  service  and  assistant 
engineers  will  become  engineer  sub-lieutenants. 

Engineers,  chief  engineers,  and  staft'  engineers  will 
become  engineer  lieutenants. 

Eleet  engineers  will  become  engineer  commanders. 

Inspectors  of  machinery  will  become  engineer  capt.iin^, 
and 

Chief  inspectors  of  ni.ichinciy  will  'oecome  engineer 
rear-admirals. 

The  engineer-in-chief  will  become  an  engineer  rear- 
admiral,  and  the  Board  reserve  power  to  pronjote  the 
officer  holding  that  high  post  to  the  rank  of  engineer 
vice-admiral  if  thought  advisable. 
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The  average  period  of  reaching  each  rank  will  be 
assimilated  as  far  as  possible  to  that  of  the  executive 
branch,  so  as  to  correct  the  present  disparit}'  of  age 
which  too  often  obtains  between  officers  of  the  two 
branches  of  relatively  equal  rank  ;*  the  pay  of  existing 
engineer  oflicers  will  be  raised  ;  but  no  changes  will  be 
made  in  their  uniform  or  in  the  regulations  which  define 
iheir  duties  or  in  the  provisions  of  the  Naval  Discipline 
Act. 

The  Board  have  given  their  careful  and  earnest  con- 
sideration to  all  the  suggestions  which  have  been  made 
from  a  variety  of  quarters  for  further  changes  affecting 
the  present  engineer  officers.  The  decision  at  which 
they  have  arrived  is,  they  are  convinced,  that  most  cwn- 
ducive  to  the  interests  of  the  service  as  a  whole. 

The  following  are  the  new  scales  of  pay  for 
the  existing  engineer  ofticers  and  the  future 
officers  of  the  same  department : — 

EXISTING  ENGINEER  OFFICERS. 

New  Ranks  and  Scale  of  Pav. 

Pay  per  Diem. 
R.mU".  s.     (I. 

Engineer  lieutenant      ...         ...         ...         ..  lo     o 

„  „         After  2  years     ii     o 

„  „  ,.     4       ,,  ...  ...  J-      O 

:,        (i  „  1.3        O 

„  ,,  „  "iS      „ i6     o 

„  ,,  ,,    10        .,  1/      o 

,,                    ,,              ,,   12       „  i8  o 

-       .„                   „              ••  M      M  ^o  o 

Engineer  commander  ...  ...  ...         ...  -4  '^ 

„                   ,,         After  2  years  ...         ...  27  o 

,,     3      ,,  .30  o 

„     4      V  .x3  o 

Engineer  captain  ...  ...  ...         ...    35-40  o 

Engineer  rear-admiral  ...  ...          ...  ^)0  o 

Fl'TURE  ENGINEER    OFFICERS. 

Rank.  P.iy  per  Dicni. 

Lieutenant  (E) 12  o 

,,              ,,  of  4  years         ...          ..           ...  14  o 

„         f^     ,,              16  o 

10     „             17  o 

..             >.       1^     ,,             1'^  o 

,,              .,        14     ,,     (maximum)            ...  20  o 

Commander  |E)  ...         ...         ...         ..          ...  -40 

.,             ,,  of  2  years         ...         ...         ...  -7  o 

„            ),        4     ,,             30  o 

,>            .,        <J     ,,             ?,?,  '> 

Captain  (E)          35-40  o 

Rear-admiral  (E)           ...         ...         ...         ...  Oo  o 

The  changes  in  pay  in  these  tables  and  in 
those  given  below  will  take  effect  from  April  ist 
of  this  year,  and  on  the  same  date  the  engineers 
will  assume  their  new  titles.      In  neither  case  is 

*  This  pay  of  i6s.  a  day,  tugether  with  the  right  to 
wear  the  uniform  of  the  increased  rank  of  engineer 
lieutenant  of  eight  years'  seniority,  will  be  dependent  on 
his  obtaining  a  qualifying  certificate  and  on  being 
selected. 


the    pay  retrospective,  and  the  titles  are  to  bs 
assumed  by  officers  on  the  retired  lists. 

THE     PRESENT     MARINE     OFFICER. 

By  the  new  scheme  the  present  marine  ofiicer 
is  to  be  made  available  for  employment  in 
gunnery  and  torpedo  duties,  and  generally  in 
taking  a  more  active  part  in  the  duties  of  the 
ship.  They  will  also  become  eligible  for  em- 
ployment at  the  Admiralty.  The  following  are 
the  new  scales  of  pay  for  those  at  present  in  the 
service  and  the  future  marine  officers  : — 

EXISTING    MARINE    OFFICERS. 
New  Scale  of  Pay. 

Artillery  Pay       Infantry  Pay 
per  Uiem..    .        per  Diem. 

Kanl;.                                                      ~.     d.  s.     d.     ' 

Lieutenant...         ...         ...         ...         '^'4  5  n 

-After  3  years        ...         ■••7-5  7     o   ; 

Captain      ...       121  11-7 

.After  I  year          i-     7  121 

.,     5  years         ...         ...       13     1  12     7 

„     S     ,,               ...        -...        14     7  14     I" 

Major         ...         ...         ...       "...       \()     I  15     7 

.After  2  years        17     (>  ij     (> 

.,    4    ,,             ...  ■      ...       iS    o  i<s    o 

.,     (>     „               iS     6  !S     6 

Lieutenant-colonel          ...         ...       210  210 

.After  2  years          ...          ...       21      9  21     y) 

,,       4       ,,  22       0  ■         22       (> 

Colonels  2nd  commandant  will  receive  pay  of  rank  and 
an  additional  allowance  of  5s.  per  diem. 

Colonels  commandant  will  receive  pay  at  present  rates, 
with  an  additional  allowance  of  J2s.  a  day. 

FrTT'RE    MARINE  OFFICERS. 

P.iy  per  Diem. 

Kanl^.  -;.     d. 

Lieutenant           ..          ...         ...  ...         ...  10     o 

-After  4  years  in  rank    ...  ...         ...  no 

Captain    ...         ...         ...         ...  ...          .  .  ]2     o 

-After  I  year  in  rank      ...  ...         ...  13     o 

,,     5  years       ,,          ...  ...         ...  15     o 

Major       ...         ...          ...          ...  ...         ...  20     o 

.After  2  years  in  rank    ...  ...          .  .  22     o 

„     4         •,         „  ■  -4     o 

„     ()         ,,  .,  26     o 

Lieutenant-colonel        ...         ...  ...         ...         30     o 

-After  2  years  in  rank    ...         ...         ...         ^^;!,     o 

,,     4        ,,        ,,  3O     o 

Colonels  2nd  commandant  will  receive  pay  of  rank  and 
an  additional  allowance  of  5s.  per  diem. 

Colonels  commandant  will  receive  pay  at  present  rates, 
with  an  additional  .iljowa.nce  of   J2s.  per  diem. 

WARRANT    OFFICERS,    PETTY    OFFICERS,    AND    MEN. 

After  an  introduction  explaining  why  it  has 
become  necessary  to  make  further  changes  in 
connection  with   the  entry  and  training  of   the 
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seamen  and  stokers,  and    their   higlier  grades 
and  ratings,  Lord  Selborne  says  : — 

1.  Ijt  is  proposed  to  enter,  between  fourteen  and 
sixteen  years  of  age,  boys  to  be  called  "  boy  artificers," 
who  will  be  most  carefully  trained,  and  whose  engage- 
ment will  be  to  serve  for  twelve  years  continuously  fn^n 
the  age  of  eighteen. 

In  this  manner  a  second  source  of  supply  will  be 
formed  for  the  ever-increasing  needs  of  the  Heel  in 
respect  of  engine-room  artificers, 

2.  It  has  long  been  a  complaint  on  the  part  of  the 
engineer  branch  that  an  engineer  oflicer  on  board  each 
big  ship  is  employed  in  clerical  duties.  It  is  proposed  to 
remedy  this  by  establishing  a  non-substantive  rating  of 
engineer's  writer,  and  the  engine-room  complement  will 
in  future  include  this  rating,  to  be  held  preferably  by 
men  of  the  stoker  class. 

;;.  The  engine-room  complement  of  every  sea-going 
ship  will  also  include  the  non-substantive  rating  of 
"  yeoman  of  stores,"  to  be  held  by  a  chief  or  leading 
stoker. 

4.  Young  and  promising  leading  stoker  mechanics, 
not  over  thirty  years  of  age,  will  be  eligible  for  the  new 
rating  of  "mechanician";  selected  candidates  will  be 
required  to  pass  the  educational  examination  established 
for  the  rating  of  engine-room  artificer  ;  they  will  then 
receive  a  careful  further  training,  at  the  end  of  which  it 
will  be  sufficient  if  it  is  shown  that  the  men  possess 
the  requisite  skill  to  give  valuable  aid  in  the  ordinary 
repairs  and  casualties  of  an  engine-room  or  stokehold  ; 
"mechanicians"  will  take  rank  as  chief  petty  ofticers^ 
immediately  after  engine-room  "artificers,"  and  be 
granted  suitable  rates  of  pay,  increasing  with  length  of 
service. 

The  stokers  have  been  recently  placed  on  an  equality 
with  the  seamen  and  marines  in  respect  of  the  grant  of 
a  free  kit  on  entry.  This  concession  and  the  addition  of 
these  three  new  ratings  will,  it  is  hoped,  greatly  augment 
the  attractiveness  of  this  service. 

5.  The  numbers  of  artificer  engineers  and  chief  artificer 
engineers  will  gradually  be  largely  increased. 

6.  There  has  been  for  some  time  past  a  deficiency  in 
the  signal  ratings  of  the  fleet.  To  remedy  this  an  increase 


has  been  made  in  the  pay  of  the  class  by  ilic  gr.mi  m  od. 
a  day  to  a^  large  percentage  of  the  higher  ratings,  and 
thus  the  signal  ratings  have  been  put  upon  an  equality 
with  the  gunnery  and  torpedo  ratings,  and  the  expected 
result  of  attracting  the  required  number  of  volunteers  for 
the  signal  branch  of  the  service  has  been  produced. 

7.  There  has  for  some  time  past  been  a  strong  feeling 
that  the  appearance,  the  system  of  training,  and  the 
standard  of  efficiency  of  naval  bandsmen  are  unsatis- 
factory, and  that  an  unfair  proportion  of  the  cost  of  naval 
bands  falls  upon  the  officers. 

The  Board  have  now  under  consideration  a  plan  for 
the  complete  re-organisation  of  naval  bands,  the  eft'ect  of 
which  it  is  believed  will  be  to  bring  substantial  relief  to 
the  officers  in  the  matter  of  expense. 

8.  The  chief  petty  ofiicers  of  the  fleet  have  long  felt  it 
a  hardship  that,  notwithstanding  the  great  importance 
and  responsibility  of"' their  position,  they  receive  no 
higher  rate  of  pension  than  a  first-class  petty  officer. 

The  Board  are  glad  to  be  able  to  announce  that  it  has 
been  decided  to  increase  the  pensions  of  chief  petty 
officers  by  ^d.  a  day  for  each  year's  service  in  chief 
petty  officer's  rating  subsequent  to  the  completion  of 
their  first  engagement.  This  apparently  small  change 
will  alone  entail  an  eventual  charge  on  naval  funds  of  no 
less  a  sum  than  £73,000  a  year. 

PROMOTION     OF     LIEUTENANTS    FROM     WARRANT 
RANK. 

The  Board  have  long  been  anxious  to  see  their  way  to 
promote  a  certain  proportion  of  gunners,  boatswains, 
and  carpenters  to  the  commissioned  ranks,  and  thus 
aft'ord  t(j  the  lower  deck  of  the  Xavy  opportunities  of 
rising  simil.ar  to  those  which  the  rank  and  file  of  the 
Army  enjoy  by  the  opportunity  of  promotion  to  the  rank 
of  quartermaster  or  riding-master.  It  is,  accordingly,  a 
great  satisfaction  to  them  to  be  able  to  announce  that  a 
list  has  already  been  drawn  up  of  sixty  appointments,  to 
which  these  officers  can  be  promoted,  and  that  the  propor- 
tion of  eacli  branch  of  warrant  officer  which  will  be  pro- 
moted to  lieutenant  will  be  the  same,  as  nearly  as  possible, 
as  the  proportion  of  each  of  those  branches  to  the  com- 
bined total  of  the  warrant  officers'  list. 


2-     THl    scheme    from   A    NAVAL    ENGINEER    OFFICER'S    POINT    OF    VIEW. 


By  CHAS.   M.  JOHNSON,  R.N.  (Chief  Inspector  of   Machinery,  K'ctired). 


The  need  for  a  drastic  measure  of  reform  in  the 
matter  of  the  personnel  of  the  Navy  has  long  been  recog- 
nised by  all  thoughtful  students  of  naval  questions,  and 
Lord  Selborne,  in  the  opening  sentences  of  his 
memorandum,  gives  expression  to  the  prevailing  opinion 
in  terms  which  are  both  courageous  and  statesmanlike. 

In  his  remarks  anent  the  application  of  steam  to  ships 
of  war,  which  every  engineer  will  endorse  to  their 
fullest  value,  we  have  at  length  the  tardy  acknowledg- 
ment by  the  Admiralty  that  engineering  science  is  the 
predominant  factor  in  naval  economy;  and  I  propose  in 


the  following  pages  to  examine  the  provisions  of  Lord 
Selborne's  new  scheme  in  the  light  of  this  long-deferred 
confession.  It  will  be  convenient,  lor  the  more  lucid 
consideration  of  the  subject,  to  divide  it  into  two  parts, 
vi/.  :  1.  Tlie  Future  Personnel:  anil  II.  The  Kxisling 
]'cr^oiincl. 

I.     THE     FUTURE     "  PERSONNEL." 

In  dealing  with  the  training  necessary  for  the  pro- 
duction of  the  "efficient"  future  naval  officer,  Lord 
Selborne  savs  that   the   executive,  the  engineer,  and  the 
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marine  otikers  all  enter  the  service  under  diflerent 
regulations,  and  they  have  nothing  in  common  in  their 
early  training. 

Here  lies  the  real  keynote  of  the  '"  new  scheme," 
which  is  to  weld  the  various  branches  of  the  service 
in  future  into  one  homogeneous  whole,  each  unit  of 
u  hich  shall  be  available  for  assuming  command,  should 
the  necessity  arise.  The  object  is  an  admirable  one, 
though  its  practical  attainment  is  a  question  as  to  which 
I  have  many  misgivings.  But  I  must  do  Lord  Selborne 
the  bare  justice  of  admitting  that  if  such  homogenity  can 
be  secured,  he  has  given  us  a  very  good  foundation  on 
which  to  raise  the  edifice.  That  the  plans  may  need 
revision  from  time  to  time  will  be  recognised  by  the 
warmest  supporters  of  the  "new  scheme";  and  Lord 
Selborne  himself  admits  that  much  of  its  provisions  are 
tentative,  and  liable  to  be  modified  as  experience  demon- 
strates the  need. 

The  extracts  from  Lord  Selborne's  memorandum 
already  given,  will  aftord  a  very  fair  and  adequate  concep- 
tion of  the  scope  and  nature  of  the  changes  which  are  to  be 
wrought  in  the  entry  and  training  of  the  naval  ofticers  of 
the  future.  To  the  readers  of  this  magazine,  those  points 
which  bear  on  the  future  naval  engineer  will  be  of 
supreme  interest,  and  I  propose  now  to  analyse  Lord 
Selborne's  provisions  for  their  entry,  training,  and 
promotion,  and  endeavour  to  >  ascertain,  as  far  as  my 
experience  and  official  knowledge  permit,  whether  the 
engineer  thus  developed  is  likely  to  be  the  practical 
and  theoretical  expert  we  have  a  right  to  demand,  shall 
have  the  care  and  management  of  the  floating  arks  of 
complicated  mechanism  which  constitute  the  warship  of 
to-day,  and  which  will  tend  every  year  to  attain  to  a  still 
higher  degree  of  complicated  refinement. 

It  is  proposed  that  all  naval  cadets  shall  enter  between 
the  ages  of  twelve  and  thirteen,  which  is  certainly  erring 
on  the  right  side,  if  it  errs  at  all,  because  I  do  not  think  a 
youngster  can  too  early  be  immersed  in  the  atmosphere 
which  is  to  surround  his  life's  work.  His  mind  should  be 
accustomed,  from  the  earliest  convenient  time,  to  think 
in  the  language  and  the  formul.e  of  the  profession  he  is  to 
embrace. 

The  proposed  mode  of  entry  by  nomination  is  a  relic 
of  Admiralty  patronage,  which  the  Board  is  unwilling  to 
relinquish  ;  but,  whether  the  admirals  like  it  or  not,  it 
must  soon  go  the  way  of  all  such  antiquated  privileges. 
Open  competition  is  sure  to  come  within  the  next  few 
years.  The  result  of  this  entry  by  nomination  will  be  to 
keep  the  naval  service — as  far  as  the  ofticers  are  con- 
cerned—in the  family  circles  of  the  Admiralty  and  their 
friends  ;  so  that  parents  without  influence  inside  of  that 
charmed  circle  will  have  no  chance  of  getting  their  boys 
into  the  Navy,  however  desirable  the  boys  themselves 
may  be,  or  however  ready  the  parents  may  be  to  incur 
the  heavy  expense  of  educating  their  boys  for  the  service 
of  their  country. 

Having  been  successful  in  entering  the  service  as  a 
cadet,  the  youngster  has  now  to  pass  four  years  of  study 
at  the  Royal  Naval  College.  The  curriculum,  which  will 
comprise  an  extension  of  the  Britaiiuia  course,  will  also 
embrace  elementary  instruction  in  physics  and  marine 
engineering,  with  the  use  of  tools  and  machines  in 
connection  therewith. 


It  seems  to  me  that  there  is  a  very  great  weakness  in 
this  scheme  of  education.  The  lad  enters  between  the 
ages  of  twelve  and  thirteen — for  the  purposes  of  investi- 
gation, let  us  assume  twelve  and  a  half  as  the  lad's  age 
on  entry.  On  completion  of  the  four  years'  education 
under  this  system  he  will  be  sixteen  and  a  half  years  old. 
During  those  four  years  he  has  to  acquire  a  thorough 
knowledge  of  all  the  subjects  necessary  to  equip  him 
through  life  as  an  educated  man  ;  and  in  between  these 
numerous  subjects  there  is  to  be  sandwiched  "  elemen- 
tary physics  and  marine  engineering,  with  the  use  of 
tools  and  machines  in  connection  therewith."  So  that  at 
sixteen  and  a  half  years  of  age  this  phenomenal  prodigy 
must  have  not  only  completed  his  general  education  (for 
all  his  studies  after  leaving  the  Royal  Naval  College  will 
be  limited  to  technical  and  professional  subjects),  but  he 
must  also  have  imbibed  some  rudimentary  knowledge  of 
physics  and  marine  engineering,  and  of  the  use  of  tools 
and  machines  in  connection  therewith.  Having  seen 
some  of  the  unhappy  results  of  overcrowding  the  brains 
of  boys  and  young  men,  I  fear  the  "  new  scheme  "  means 
a  large  increase,  in  the  near  future,  of  the  "  derelicts  " 
of  high-pressure  education.  What  amount  of  engineering 
knowledge  and  practice  these  lads  will  absorb  in  these 
short  four  years  depends  in  a  great  measure  on  the  kind 
of  work  provided,  and  still  more  upon  their  individual 
capabilities. 

At  the  end  of  the  four  3'ears — which  may  very  aptly  be 
termed  "  the  educational  period "  — the  cadets,  now 
'become  midshipmen,  will  be  sent  to  sea  for  three  years. 
During  this  time,  which  may  be  termed  "the  sea- 
training  period,"  they  will  be  instructed  in  the  duties  of 
watch-keeping  on  deck  and  in  the  engine-room,  seaman- 
ship, gunnery,  torpedo  work,  navigation,  and  engineering, 
by  the  ofticers  in  charge  of  these  departments  respec- 
tively. There  will  be  no  continuation  during  this 
period  of  the  general  education  of  these  young  gentle- 
men, as  it  is  fully  intended  to  abolish  the  existing  school 
system  on  board  all  ships  which  now  carry  a  naval 
instructor. 

Now,  during  this  period  of  three  years,  the  midshipman 
has  to  study  five  technical  subjects  ;  to  learn  to  become 
an  efficient  watch-keeper  on  deck  and  below  ;  and  has 
also  to  pass  three  annual  e.xaminations  in  the  five  subjects 
and  a  final  e.xamination  in  seamanship  before  three, 
captains  or  commanders  (as  at  present).  Preparation  for 
the  annual  and  the  final  examinations,  will  require 
four,  out  of  the  entire  period  of  thirty-six,  months  ;  and 
another  two  months,  at  least,  must  be  allowed  for  leave, 
recreation,  sickness,  etc.,  so  that  we  are  reduced 
to  thirty  months  for  the  study  of  the  five  subjects  ; 
whH:h  gives  us  exactly  six  months  for  each.  I 
think  I  shall  not  be  straining  a  point  if  I  ask 
what  degiee  of  efticiency  is  the  midshipman  likely  to 
attain  in  either  of  the  five  subjects  named  in  so  con- 
stricted a  period  of  time  as  six  months.  It  must  not  be 
forgotten  that,  in  addition  to  pursuing  his  studies,  tlie 
midshipman  has  also  to  "keep  watch."  Well,  we  must 
suppose  this  midshipman  to  have  passed  all  his  final 
examinations  on  board  ship  successfully,  and  to  have 
been  promoted  acting  sub-lieutenant.  He  now  returns 
to  England,  enters  Greenwich  College  for  a  three  months' 
course  of   mathematics,   navigation,  and  pilotage,   to  be 
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fallowed  by  an  examination  ;  then  to  Portsmoutii  for  a 
six  months'  course  in  gunnery,  torpedo,  and  engineering^, 
to  be  followed  by  an  examination,  at  which  he  will 
receive  his  classification  of  i,  2,  3,  in  each  subject,  and  on 
passing  out  will  be  confirmed  in  the  rank  of  sub- 
lieutenant. Our  imaginary  sub-lieutenant  is  now  nine- 
teen and  a  half  years  of  age,  and — having  elected  to 
become  an  engineer — he  passes  to  the  College  at  Keyham 
to  learn  his  profession,  for  a  period,  "  the  exact  duration 
■  >\  which  will  be  determined  with  great  care."  This 
sub-lieutenant's  knowledge  of  engineering  at  this  time 
can  be  but  elementary  and  superficial  in  the  extreme  ; 
and  the  shortest  time  in  which  he  can  hope  to  acquire 
thorough  practical  and  theoretical  acquaintance  with  the 
science  of  engineering  can  scarcely  be  reduced  to  less 
than  four  years,  and  may  even  extend  to  five.  So  that  our 
sub-lieutenant,  by  the  time  he  returns  to  the  sea  as  a 
fully  equipped  sub-lieutenant  (E),  will  be  nearly,  if  not  quite, 
twenty-four  years  of  age,  and  all  his  contemporaries 
in  the  executive  line  will  have  been  lieutenants  from 
two  or  three  years  before.  This,  however,  is  a  personal 
disability  or  grievance,  and  in  no  way  affects  his  value 
to  the  nation  as  a  qualified  officer,  although  it  tends 
to  show  one  of  the  difficulties  which  the  Admiralty 
will  have  to  face  in  carrying  out  their  promise  that 
"every  endeavour  will  be  made  to  provide  those 
who  enter  the  engineer  branch  with  opportunities 
equal  to  those  of  the  e.xecutive  branch."  It  is  true  that 
Lord  Selborne  estimates  that  this  special  course — which 
may  be  termed  "  the  professional  course,"  will  only 
occupy  about  two  years  ;  but  the  readers  of  this  magazine 
are  better  judges  on  that  question  than  Lord  Selborne, 
and  I  shall  be  surprised  if  they  do  not  regard  my  estimate 
as  being  much  nearer  the  mark  than  his. 

At  about  twenty-four  years  of  age,  the  sub-lieutenant 
(E)  will  be  ready  for  active  service  afloat  ;  and  will  thus 
have  been  about  eleven  years  in  training,  from  date  oi 
entry.  He  will  still  require  a  few  months'  training  under 
more  experienced  sub-lieutenants  or  lieutenants  (E) 
before  he  can  safely  be  entrusted  with  the  sole  charge  of 
a  watch  in  a  big  ship,  or  a  destroyer.  For  the  succeeding 
five  or  six  years  he  will  have  to  serve  in  a  subordinate 
capacity,  until,  having  gained  experience  in  all  that  relates 
to  the  management  and  control  of  naval  machinery  and  the 
engineering  department,  he  may,  at  thirty  years  of  age,  be 
considered  fit  to  assume  the  charge  of  a  torpedo-gunb(jat 
or  a  small  cruiser.  At  the  age  of  thirty-five  or  thirty-six 
he  may  attain  the  rank  of  commander  (E),  and  be 
assumed  to  have  sufficient  experience  to  take  charge  of  a 
second-class  cruiser  or  a  small  battleship  ;  progressing  a 
few  years  later,  say  at  forty-two  years  of  age,  to  the 
charge  of  a  first-class  cruiser  or  battleship.  Now,  let  me 
trace  back  a  bit  and  see  in  how  many  years,  from  July, 
1903 — the  date  when  the  "  New  Scheme  "  is  to  come  into 
operation— the  first  commander  (E)  will  be  ready  to  take 
charge  of  a  line-of-battle  ship.  Our  imaginary  cadpt, 
entering  in  July,  1903,  at  twelve  and  a  half  years  of  age, 
will,  as  we  have  seen,  prob;ibly  a'tain  to  this  enviable 
position  of  trust  and  responsibility  at  the  age  of  forty-two, 
or   twenty-nine   and   a  half   years   from   date   of  entry. 


So  that,  in  round  numbers,  we  may  say  that  the  "  New 
Scheme  "  requires  for  its  full  development  nearly  thirty 
years  from  the  present  year  of  grace.  Even  if  we  accpl 
Lord  Selborne's  estimite  of  the  time  required  for 
"professional  training,"  it  will  be  quite  twenty-eight 
years  before  the  "  New  Scheme  "  comes  into  complete 
operation.  But  if  the  "  professional  training  "  be  limited 
to  two  years,  as  Lord  Selborne  suggests,  what  will  be  the 
value  of  the  sub-lieutenant  (E)  as  an  engineer  on  joining 
his  first  ship  as  p.irt-complement  and  as  a  fully  qualified 
officer  ?  Is  it  possible  that  he  could  be  considered,  with 
such  an  abbreviated  training,  a  tlioroughlv  well-equipped 
engineer  ? 


THE     EXISTING 


PERSONNEL. 


Put  into  plain  English,  Lord  Selborne,  in  the  portion 
of  his  memorandum  relating  to  the  present  engineer 
officers,  announces  that  the  Board  have  come  to  the 
conclusion  that  a  sm  ill  increment  of  pay  and  an  empty 
title  are  all  the  changes  necessary  "  to  harmonise  as  far 
as  possible  the  position  of  the  present  officers  of  the 
engineering  branch  with  the  spirit  of  the  future  organisa- 
tion." What  is  it  that  the  engineer  officers  have  been 
asking  for  during  the  past  twenty  years  at  least  ?  They 
have  asked  that  they  might  be  given  executive  rank  in 
order  that  they  might  have  the  authority  pertaining  to 
exeCtitive  rank,  to  enable  them  the  better  to  control  their 
department  and  to  maintain  discipline  therein.  And 
"  in  order  to  harmonise,  etc.,"  the  Admiralty  have 
bestowed  upon  the  existing  officers  of  the  engineering 
branch  a  bastard  executive  rank,  carrying  with  it  neither 
the  insignii  nor  the  authority  which  have  hitherto 
always  accompanied,  and  have  been  and  still  are,  the 
distinguishing  characteristics  of  e.xecutive  rank  and  titles. 
I  hope  the  engineer  officers  of  the  Service  will  not  be 
too  bitterly  disappointed  ;  but  I  must  admit  that  if  the 
.Admiralty  Board  had  sat  down  deliberately  intent  on 
devising  a  scheme  which  should  be,  as  it  were,  the 
proverbial  "  last  straw,"  the  ingenuity  of  man,  combined 
with  subtlety  of  the  serpent,  could  not  have  hit  upon  a 
more  certain  plan. 

There  is,  however,  a  certain  humorous  feature  about 
the  matter,  which  miy,  or  may  not,  have  occurred  to 
their  lordships  when  they  concocted  their  latest,  up-to- 
date,  executive  rank.  As  1  have  already  shown  in 
this  paper,  it  will  take  at  least  thirty  years  for  the  "  New 
Scheme"  to  coms  into  full  working  order;  but  long 
before  that  time  arrives  there  will  be  hundreds  of  sub- 
lieutenants (E)  and  lieutenants  (E)  afloat,  doing  duty  in 
the  ships  of  the  fl^et.  The  chief  and  senior  engineer 
officers  will  still  be  those  of  the  present  race,  those  to 
whom  the  Admiralty  are  givijig  executive  rank  without 
insignia  or  executive  power,  and  these  officers  will 
have  to  exercise  authority  and  control  over  juniors 
possessing  both  tiie  insignia  and  the  executive  authority 

officers  in  fact,  who,  under  certain  circumstances,  will 

be  able  to  give  orders  to  their  senior  oflicers,  by  virtue  of 
the  "pukk.ih"  executive  rank  which  they  will  possess. 
The  grotesqueness  of  such  peddling  mal-administration 
overwhelms  the  "  New  Scheme  "  with  ridicule. 
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Mr.  Holden's 

"Decapod. 

Ix  a  previous  issue 
of  this  Magazine  refer- 
ence was  made  to  a 
wholly  novel  type  of 
tank  -  engine  for 
suburban  traffic. which 
had  been  designed  bv 
Mr.  James  Holden. 
Chief  Mechanical 
Engineer  of  the  Great 
Eastern  Railway,  and 
was  under  construc- 
tion at  the  Stratford 
works  of  that  com- 
pany. It  will  be 
remembered  that  its 
prominent  feature  consists  in  its  being  of  the 
"  Decapod  "  type,  i.e.,  having  all  its  ten  wheels 
coupled.  Some  exception  has  been  taken  to 
this  designation,  on  the  ground  that  the  loco- 
motive type  to  which:  in  America,  the  title 
"  Decapod  "  is  given,  has  its  leading  end  earned 
on  a  two-wheeled  bogie  or  pony-truck.  As. 
however,  the  essential  character  of  the  decaj^od 
consists  in  tenfold  coupling  of  its  wheels,  the 
addition  or  non-addition  of  a  pony-truck  is 
immaterial  as  affecting  the  type.  Neither  is  it 
necessarily  incumbent  upon  Britain  to  adopt 
American  class  designations  in  their  integrity-, 
especially  when  a  term  signifying  ten-wheeled- 
ness  is  applied  to  a  twelve-wheeled  locomotive. 

Mammoth  Dimensions. 

But  apart  from  the  tenfold  coupling,  which 
is  believed  to  be  an  absolute  novelty  m  British 


practice,  the  dimensions  of  the  new  Great 
Eastern  engine  have  hitherto  had  no  British 
parallel  as  regards  magnitude.  The  new  comer  is, 
in  truth,  a  veritable  mammoth.  It  is  noticeable, 
however,  that,  contrary  to  the  too  common 
British  practice  of  employing  gigantic  C3'linders 
and  driving-wheels  with  a  liliputian  boiler, 
almost  the  entire  vastness  of  Mr.  Holden's 
new  engine  is  concentrated  in  the  boiler  itself 
and  its  firebox.  The  engine,  in  fact,  looks  at 
the  first  glance  to  be  "  all  boiler."  Instead  of 
having  8  ft.  driving-wheels  with  a  4  ft.  boiler 
barrel — dmiensions  not  unknown  in  British 
practice — the  new  Great  Easter  has  4  ft.  6  in. 
driving-wheels  and  5  ft.  3  in.  boiler-barrel. 
The  boiler,  moreover,  is  no  less  than  15  ft.  6  in. 
long,  while  its  axis  is  8  ft.  9  in.  above  the  level 
of  the  rails  on  which  the  locomotive  runs.  The 
firebox,  which  is  of  a  novel  type,  is  propor- 
tionately huge,  and  spreads  sideways  as  far  in 
each  direction  as  it  can  possibly  extend  within 
the  limits  of  the  load  gauge.  Its  length, 
however,  is  not  remarkable,  being  only  6  ft. 
internally,  but  the  grate  area  is  enormous,  being 
as  much  as  42  sq.  ft.  Steel  boiler  tubes,  395 
in  number  and  if  in.  in  external  diameter.- 
provide  a  heating  surface  which,  added  to  that  of 
the  firebox,  amounts  to  a  total  of  no  less  than 
3.010  square  feet,  exceeding  by  more  than 
20  per  cent,  anything  previously  seen  in  this 
country,  the  nearest  approximation  being 
afforded  by  Mr.  J.  F.  MTntosh's  eight-coupled 
Caledonian  goods  engines,  "  600  "  class,  which 
have  2.500  square  feet,  and  the  Great  Western 
ten-wheeled  express,  No.  100 — now,  by  the  way, 
named  "  William  Dean."  after  the  late  loco- 
motive superintendent — which  has  2.400. 
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Some  Additional  Particulars. 

A  steam  pressure  of  200  lbs.  to  the  square  inch 
is  provided,  and  no  fewer  than  six  safety  valves 
will    afford  relief   in   case   of   need.       Steam  is 
admitted  to  the  cylinders  by    a  double-beating 
regulator,  and  here  it  may  be  mentioned  that, 
although   the   engine   is   of   the   non-compound 
t\-pe,      there       are     three     cylinders,     all.    ot 
course,    are    high-pressure,     receiving    "  live  " 
steam  direct  from  the  boiler.     Each  is  18J  in. 
in  diameter,  with  a  piston  stroke  of  24  in.     The 
three  cylinders  are  placed  horizontally  and  side 
by    side,    two    being    external    to    the    frames, 
and  driving  the   middle  pair     of     ten-coupled 
wheels,  and  the  third  inside,  driving  the  second 
axle.     This  gives  a  tractive   force  of    no    less 
than    164  lb.   for  every   lb.  of  effective  steam 
pressure    on    the    pistons,    computed    by    the 
accepted      formula     of     '^'^  ' ,  "'  representing 
the  diameter  of    the  cyhnders,   /.    the    length 
of  the    piston    stroke,    and.    D.    the    diameter 
of  the  driving  wheels,   all  in  inches.     As  all  the 
wheels  are  utilised  for  purposes  of  adhesion,  and 
the  total  weight  of  the  locomotive  is  sixty-seven 
tons,  it  will  be  seen  that  every  ounce  of  tractive 
force  yielded  by  the  cylinders  is  taken  up  and 
employed  in  actual  traction.    Obviously,  there- 
fore,the  new  locomotive  must  possess  stupendous 
haulage   power.     But  it  has  other  remarkable 
features  yet  to  be  noticed. 

Some  Novel  Methods. 

Perhaps  the  most  important  of  them  is  in  the 
character  of  the  inside  connecting  rod.  It  has 
already  been  stated  that  the  inside  cylinder  is 
exactly  side  by  side  with  the  two  outside 
cyhnders.  All  work  in  an  absolutely  horizontal 
line.  It  may  naturally  be  wondered  how  the 
inside  connecting  rod  clears  the  leading  axle. 
This  is  very  skilfully  managed  by  means  of  a 
device  which  is  applied  by  Mr.  Holden  in  an 
entirely  novel  manner.  It  will  probably  prove 
epoch-making  by  enabling  six-coupled  ex})ress 
engines  to  be  constructed  with  wheels  of  large 
diameter,  and  yet  with  inside  cylinders,  and  with- 
out the  necessity  being  involved  of  driving  the 
leading  pair  of  coupled  wheels.  To  j)ut  the  case 
briefly,    the   connecting   rod    passes   round   the 


intermediate  axle.  That  is  to  say.  it  is  made 
exceedingly  broad,  and  has  a  circular  aperture 
cut  out  through  which  passes  the  axle  that  has 
to  be  cleared.  The  rod — a  very  fine  piece  of 
steel  work — is  cut  away  in  order  to  lighten  it 
wherever  this  can  be  done  without  impairing 
its    strength. 

Some  Minor  Details. 

Owing  to  the  great  height  of  the  boiler, 
hardly  any  space  is  left  above  its  top  for 
chimney,  dome  or  safety  valve  columns,  and 
these  accordingly  are  compressed  to  the  smallest 
possible  dimensions.  The  chimne\-.  indeed. 
which  suffers  still  further  abbreviation  through 
the  slight  elevation  of  the  smoke  box,  is  so  short 
as  to  be  barely  perceptible  at  all.  being  onlv 
eight  inches  high  :  indeed,  it  is  almost  invisible 
to  anybody  standing  beside  the  engine  at 
the  rail  level,  the  effect  being  somewhat 
comic.  \'arious  new  methods  have  been  intro- 
duced of  joining  the  coupling  rods,  of  sanding 
the  rails,  and  of  arranging  for  the  discharge 
of  ashes  from  the  smoke  box.  On  these  heads 
some  fuller  details  may  be  given  at  a  later 
date. 

The  Object  Aimed  at. 

Many  people  may  wonder  why  it  became 
necessary  to  build  such  a  mammoth  locomotive 
for  mere  suburban  service.  The  answer  is,  that 
this  same  suburban  service  has  become  the 
all-absorbing  problem  of  the  Great  Eastern 
Railway.  The  traffic  has  outgrown  all  effort- 
to  grapple  with  its  demands.  No  fewer  than  fifty- 
two  trains  .  each  of  fifteen  six-wheeled  coaches, 
have  been  built  or  converted  to  provide  seats 
for  twelve  passengers  in  each  conij)artment. 
The  old  coaches  have  been  widened  by  tla- 
insertion  of  a  vertical  strip  at  each  end.  and  a 
longitudinal  one  on  each  side  of  the  floor,  the 
roof  being  proportionately  extended.  But  the 
stead\-  increase  of  the  traffic  has  already  breasted 
these  enlargements,  and  now  the  extreme  limits 
of  widening  permitted  by  the  loud-gauge 
having  been  reached,  as  well  as  those  longi- 
tudinall>-  allowed  by  the  stations,  the 
sole  recourse  left  has  been  to  a  numerical 
increase    in    the    train    services.         Hut    under 
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existing  method  -  conditions  this  was  not 
feasible.  As  many  sixteen  -  coach  trains  are 
run  as  can  possibly  be  crowded  on  the  lines  with 
reasonably  safety.  By  means  of  his  clever  little 
six-coupled  tank  engines,  with  4  ft.  wheels  and 
16  in.  by  24  in.  cylinders,  Mr.  Holden  had 
enabled  a  speed  of  thirty  miles  an  hour  to  be 
attained  in  sixty  seconds  from  the  dead  start. 
The  principal  suburban  trains  have  to  start  and 
stop  no  fewer  than  sixteen  times  in  a  total 
distance  of  loi  miles. 

The  Device  Adopted. 

Only  two  alternatives  presented  themselves, 
One  was  to  adopt  electric  traction,  and  trans- 
form the  line  at  a  cost  of  two  millions  sterling — 
a  heavy  "  pull  "  on  a  railway  which  has  never 
been  recognised  as  a  rich  one.  The  other  was 
to  try  some  new  device  with  steam  haulage. 
The  new  locomotive,  which  is  numbered  "  20," 
is  Mr.  Holden's  solution  of  the  problem.  He 
calculates  that  No.  20  will  be  able  to  start  from 
absolute  rest  and  attain  a  velocity  of  thirty  miles 
an  hour  in  thirty  seconds,  instead  of  requiring 
sixty  to  reach  that  rate  of  speed.  If  this 
estimate  be  realised  in  actual  practice,  then 
several  more  trains  can  he  "  sandwiched  "  into 
the  existing  crowded  time  table,  and  so  it  is 
lioped  the  present  block  and  overcrowding  and 
rush,  which  on  one  occasion  swelled  into  an 
actual  passenger  riot,  and  led  to  the  wrecking 
of  a  station,  will  be  in  a  large  measure  at  any 
rate,  remedied,  and  the  convenience  of  the 
travelling  pubhc  greatly  promoted.  In  any  case 
Mr.  Holden  must  be  cordially  complimented  on 
the  prescience  and  courage  he  has  displayed  in 
holdly  stepping  outside  old  traditions  and 
experimenting  with  a  novel  design  which,  what- 
ever its  ultimate  fate,  must  always  mark  an 
epoch  in  locomotive  history. 

Yet  Another  New  Departure. 

For  some  time  jjast  it  has  been  an  "  open 
secret "  that  the  Great  Western  Railway 
contemplated  taking  the  step  which  has  long 
been  earnestly  advocated    by  many  progressive 


engineers  outside  official  railway  circles.  It  is 
pleasant  to  note  that  this  step  has  been  taken 
coincidently  with  the  accession  to  office  of  the 
new  chief  at  Swindon,  Mr.  J.  G.  Churchward. 
It  consists  in  ordering  an  express  engine  of  the 
world-renowned  type  designed  by  Mons.  du 
Bousquet,  Ingenieur  en  Chef  du  Materiel  et  de  la 
Traction  of  the  Chemin  de  Fer  du  Xord,  on  the 
four-c3'linder  compound  system  of  Mons.  A.  G. 
de  Glehn,  Directeur  Generale  of  the  Societe 
Alsacienne  de  Constructions  Mecaniques, 
whence  have  come  so  many  magnificent  loco- 
motives built  on  his  system.  That  sj'stem  has 
been  undergoing  steady  development  in  France. 
Switzerland  and  Germany  for  several  years  past. 
It  will  be  of  the  deepest  interest  to  the  whole 
British  engineering  world  to  observe  the  results 
of  this  important  new  departure  of  the  Great 
Western  authorities.  But  it  is  essential  to  its 
success  that  the  "  foreigner  "  should  be  ensured 
absolute  fair  play.  That  it  will  receive  this  from 
the  Great  Western  locomotive  authorities  may 
be  taken  as  beyond  doubt.  But  the  British 
driver  is  as  a  rule  the  most  resolute  of  conser- 
vatives, and  the  most  inveterate  opponent  of 
"  new  tangled  "  ideas.  It  is  difficult  to  induce 
him  to  take  kindly  to  a  novel  type  of  locomotive. 
Nothing  is  easier  than  for  a  good  engine  to  get  a 
bad  name  through  unsatisfactory  management. 
It  may,  however,  be  accepted  as  certain  that 
Mr.  Churchward  will  adopt  measures  for 
ensuring  thoroughly  fair  treatment  of  the  fine 
engine  which  has  been  ordered  under  his 
auspices,  and  which  in  its  most  important 
respect  is  the  invention  of  an  Englishman  by 
l?irth.  The  splendid  work  done  and  doing  by 
these  engines  in  France  is  so  widely  known  and 
indisputable,  that  if  equally  fine  work  were  not 
forthcoming  on  that  one  being  tried  in  Britain, 
the  conclusion  would  be  inevitable  that  the 
fault  lay  elsewhere  than  in  the  locomotive 
itself.  But  the  Great  Western  has  some  excep- 
tionally good  drivers,  and  no  doubt  need  be 
entertained  that  in  their  hands  the  de  Glehn 
compound,  at  last  to  be  tried  in  these  islands, 
will  receive  full  justice.  C.  R.-M. 
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LONDON,  20th  January,  1903. 

Home  Shipbuilding. 

The  shipbuilding  returns  for  the  year  1902 
show  a  decrease  of  about  180,048  tons  on  those  of 
1901.  This  is  not  surprising,  considering  the 
complaints  which  have  been  so  prevalent,  and 
the  depression  that  has  been  so  evident  in  the 
later  months.  But  it  is  a  remarkable  fact  that 
the  two  greatest  producing  areas  in  the  country 
— the  Clyde  and  the  Tyne — show  actual  in- 
creases, the  former  of  7,000  tons,  and  the 
latter  of  10,000  tons.  The  total  output  of 
Scotland  was  404  vessels  of  567,886  tons  and 
533,128  i.h.p.,  as  compared  with  376  vessels  of 
554,400  tons  and  472,190  i.h.p.  Scotland  has 
exceeded  all  its  previous  records,  and  had  the 
other  shipbuilding  centres  produced  in  the  same 
proportion,  the  total  of  1902  would  have  beaten 
all  precedent.  As  it  is,  it  has  been  a  great  deal 
too  much  for  the  comfort  of  the  owners  of  cargo 
boats,  although  the  building  has  given  an  amount 
of  remunerative  employment  without  which  our 
commercial  and  social  records  would  have  been 
shockingly  bad.  The  following  is  the  production 
of  the  United  Kingdom  in  1902,  as  compared 
with  1901  : — 

SHIPBUILDING     OUTPUT     OF     THE     UNITED 
KINGDOM. 

190-'.  1901- 

VesseK      Tons.  I.H.P.     Vessels.       Tons.  l.H  P. 

Enj^land  937  -SQio^i-  ■f'69o73...876...>.092,76o...S9.,->s 

Scotland  404.. .5^>7,HS6.. 533,128.. .376...    554,400..  47 -M '/J 
Ireland..     27...i5oA\V •• '07,ioo...  23...    151.')-'-'     la^oo 

The  following  shows  the  1902  output  of  the 
leading  shipbuilding  districts  of  the  world  :— 

Vessels.  Tons.  l.n.P. 

The  Clyde...  .3.3  5.8,^70  ^^^o 

ThcTync ••     '44  .^23.705  ...     3/7,9"o 

United  States  ...    •<>-'   3i4,^'M  /4,0-4 

Germany 259  ^7-^.^0  -'34.o._;o 

The  Wear  ^'7   -V^o.ojo  LVMoO 

The  Tees  and  Martlepools     74  '"3."4  "'.'*^ 
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Leading  Producers. 

In  1901,  in  the  list  of  shipbuilders,  Messrs. 
Harland  and  Wolff  were  first  for  an\-  single 
yard  with  an  aggregate  of  92,316  tons  ;  while 
Messrs.  William  Gray  and  Co.,  West  Hartlepool, 
were  second  with  82.262  tons  ;  Messrs.  Russell 
and  Co.,  Port  Glasgow,  third,  with  58,387  tons  ; 
Messrs.  Workman,  Clark  and  Co.,  Belfast, 
fourth,  with  52.711  tons  : 
pany,  Newcastle-on-Tyne 
tons.  In  1902  the  order  of  the  six  leading 
firms — not  vards — was  : — 


and  Palmer's  Corn- 
fifth,    with    51,292 


Harland  and  WolH,  Belfast 

Workman,  Clark  and  Co.,  Belfast... 

C.  S.Swan  and  Hmiter,  Newcastle- 
on-Tyne     ... 

Russell  and  Co.,  Port-Glasgow     ... 

Armstrong,  Whitworth  and  Co., 
Xewcastle-on-Tyne 

W'm.Doxfordand  Sons,  Sunderland 


Tons. 
79,497 
75,932 

58,322 
55,585 

52.039 
43.780 


Clyde  Shipbuilding-. 

The  following  is  a  complete  return  of  the  out- 
put of  each  Clyde  ship\'ard  in  1902,  and  the 
correlative  figures  for  1901  : — 


i 

'                        S.AIL. 

i 

Steam. 

1902. 

Total  tons. 

igoi. 
Total  tons. 

Russell  and  Co 

Vessels 

Tons. 

Vessels. 
15 

Tons. 
•         55,585 

. 

— 

55,585 

58,387 

C.  Connell  and  Co.           

— 

— 

9 

41,052 

41.052 

36,876 

W.  Denny  and  Bros 

•1         ^ 

I,cSl2 

14 

38,5  J  7 

40.329 

35,266 

1     I),  and  W.  Henderson      

.1      — 

— 

7 

39,849 

39,849 

24,563 

1     Barclay,  Curie  and  Co 

— 

— 

<s 

3i,28g 

31,289 

1 9,072 

The  Fairtield  Company 



— 

4 

30,300 

30,300 

28,565 

A.  Stephen  and  Sons 

— 

— 

6 

27,826 

27,826 

21,906 

John  Brown  and  Co 

— 

— 

cS 

26,260 

26,260 

49,800        • 

Napier  and  Miller  ... 

J      

— 

5 

18,708 

18.708 

17,067 

A.  McMillan  and  Son        

7 

1  7.035 

— 

— 

17,055 

13,738 

R.  Duncan  and  Co. 

— 

4 

15.613 

15,613 

14,931 

W.  Beardmore  and  Co.     ... 

.:     — 

— 

3 

15,258 

'5,258 

17,390 

Scott  and  Co. 

— 

— 

3 

13,894 

'3.894 

13,974 

London  and  Glasgow  dmipanv... 

— 

— 

2 

13.835 

13,835 

17,552 

A.  Rodger  and  Co ... 

4 

10,137 

3 

2.584 

12,721 

19,974 

Grangemouth  and  Grenock  Company 

— 

5 

12.404 

12.404 

12,696 

Caird  and  Ci>. 

— 

.__ 

2 

11,024 

11,024 

13,387 

A.  and  J.  Inglis        

— 

— 

4 

10,875 

10,875 

12,204 

W.  Hamilton  and  Co 

I 

'•.951 

2 

7.990 

9,941 

18,272         ; 

I).  J.  Dunlop  and  Co 

I 

217 

2 

8.4.53 

8,670 

5,433 

Wni.  Simmons  and  Co 



9 

8,050 

8,050 

8,650 

Fleming  and  Ferguson     

— 

— 

9 

6,400 

6,400 

5,400 

Murdoch  and  Murrav 



— 

5 

6,083 

6,083 

2,117 

John  Reid  and  Co.              

3 

5,606 

I 

345 

5,951 

2,217 

The  Allsa  Company          

1 

1,760 

7 

4  159 

5.919 

6,695       i 

The  Clyde  Company         



— 

4 

5.103 

5,103 

4,265 

Mackie  and  Thompson     

— 

— . 

14 

4,193 

4,193 

6,377 

Campbeltown  Compan\-  ... 

— 

2 

3,204 

3,204 

3,156 

Alley  and  Maclellan      ' 

15 

1,866 

3 

1,291 

3,157 

2.491 

Bow,  McLachlan  and  Co. 

4 

396 

8 

2,555 

2.951 

2,208 

J.  Fullcrton  and  Co 



8 

2,818 

2,818 

1,735 

Kilchie,  Graham,  and  .Miluc 

9 

660 

8 

1,686 

2,346 

2,950 

The  Ardrossan  Company 

I 

26 

6 

2,141 

2,167 

761 

J.  Shearer  and  Sons 

J     



.3 

1,462 

1.462. 

966 

Lobnitz  and  Co. 

1 

120 

I  I 

1.120 

1.240 

4,606 

Scott  and  Sons        



6 

1,228 

1,228 

1,373       i 

Geo.  ]-5rown  and  Co. 



— 

7 

900 

900 

350 

AV.  Chalmers  and  Co 

5 

650 

J 

200 

850 

776 

D.  M   Cumming     

I 

40 

2 

307 

347 

620 

W.  File  and  Son 

.1       8 

2yo 

— 

290 

230 

Cochran  and  Co 



1 

278 

278 

500 

Peter  Macgregor 

\     



2 

194 

194 

— 

J.  and  J.  Hay 

I 

75 

1 

no 

185 

120 

The  Irvine  Con)pany         



1 

153 

1 53 

1 ,840 

Hanna,  Donald,  andWilson 





2 

8> 

83 

— 

W.  (acks  and  Co. 

.1        t 

25 
30 

1 

43 

68 



K.  Macallisler  and  Son     ... 

.}         2 

4 

34 

64 

172 

Other  firms 

•i      5 

50 

7 

48 

98 

.362 

'     73 

42.7fj6 

239 

475-404 

518.270 

511. QQO        1 

Our   Monthly   R6suin6. 
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These  two  years  are  the  largest  on  record. 
The  next  largest  was  491.074  tons,  in  1899. 
The  output  of  1892  was  336.414  tons;  of  1882, 
391,934  tons:  of  1872.  230.347  tons;  of  1862, 
69.967  tons. 

Tyne  Shipbuilding-. 

The  Tvne.  like  the  Clyde,  managed  to  better 
its  1901  record.  It  was  late  in  the  season 
before  the  depression  now  so  general  on  the 
North-east  coast  took  effect  on  the  yards,  and  it 
does  not,  therefore,  tell  on  the  output  of  last 
year.  Wages  have  come  down,  and  the  opera- 
tives have  in  most  cases  accepted  the  reductions, 
recognising  that  this  is  their  share  of  a  falling 
market.  The  strike  of  joiners  has.  however, 
caused  a  good  deal  of  inconvenience,  and  some 
builders  state  that  but  for  this  they  would  each 
have  had  another  vessel  in  this  year's  figures. 
Among  the  notable  Tyne  launches  of  the  year 
mention  may  be  made  of  the  twin-screw  cable 
steamer  Colonia,  built  by  Messrs.  Wigham- 
Richardson  and  Co.  This  vessel  left  the  Thames 
in  July  to  lay  the  Vancouver-Fanning  Island 
section  of  the  new  Pacific  cable,  and,  loaded  with 
3,540  knots  weighing  7,684  tons,  she  arrived 
at  Vancouver  Island  on  September  12th,  and 
laid  3.455  knots  without  an  accident  of  any  kind. 
This  is  the  longest  length  -of  cable  ever  laid. 
The  Tyne  list  also  includes  the  Wilson-Furness- 
Leyland  Liner  Hanoverian  (now  Mavfiower), 
the   largest   ^-et   l)uilt   in   the   district,   and   the 


Durban  floating  dock,  built  by  Messrs.  Swan 
and  Hunter,  which  was  wrecked  on  the  way  out 
The  following  are  details  of 


THE     TYNE     OUTPUT. 

V 

C.  S.  Swan  and  Hunter  ... 
.A.rnistron.ij,  Whitworth  and  Co. 
Wigham-Kichardson  and  Co.  ... 
Palmers'  Company 
Hawthorn,  Leslie  and  Co. 
The  Xoithumberland  Co. 
John  Readhead  and  Sons 
K.  Stephenson  and  Co.  ... 
The  Tyne  Company 
Wm.  Dobson  and  Co.    .. 
The  Blyth  Company 
Wood,  Skinner  and  Co.... 
Smith's  Dock  Company... 
J.  T.  Eltrintiham  and  Co. 
J.  P.  Rennoldson  and  Sons 
Hepple  and  Company    ... 
John  Lindsay 

W.  P.   Huntley 

The  Union  Company     ... 


I'ota 
.sels. 

1. 

Tons. 

1(01. 

Tons. 

11    . 

5»<.322    .. 

.   49.087 

13    •• 

52,039  ■ 

•   39.597 

12    .. 

■  37.355    • 

•   -36.791 

6    .. 

•  31.313  •■ 

•   51,292 

5  • 

.  2665S  . 

.    18.198 

6  . 

.  24,790  . 

•    29,480 

S   . 

.  24,764  . 

•   24,043 

9   .. 

•   15.994  • 

13..S86 

5  • 

•   15,271   • 

•    13,693 

6   . 

•    13.740  • 

.    I2,t>2« 

4  • 

•     9.352  . 

•      8,625 

5  • 

.    6,490  . 

9,60 1 

31  ■ 

•  ■     3.725  • 

..      2,030 

9  ■ 

•     1,770  . 

..       1,114 

S   . 

..     1,632  . 

..      2,609 

2 

240  . 

120 

3  . 

175  • 

— 

I   . 

66  . 

205 

~ 

—     . 

23H 

144    323,696     313. 137 


other  English  Produetions. 


The  returns  from  the  English  ^-ards  show  an 
increase  of  61  vessels  over  last  year,  but  a 
decrease  of  over  200,000  in  tonnage,  and  over 
220,000  in  horse-power.  The  increase  in  vessels 
is  mostly  in  the  Thames  district,  and  the 
decrease  in  tonnage  in  the  Tees  and  Hartlepools. 
The  following  table  summarises  the  work  in 
England  during  the  year  : — 


11,02. 

IQOI. 

Vessels. 

Tons. 

I.H.P. 

Vessels. 

Tons. 

I.H.P, 

The  Tvne 

144 

323,705 

277,«/)0 

128 

31.3,137 

229.389 

The  Wear       

67 

2  30,670 

159,450 

77 

270,574 

170,212 

lees  and  HartlepooN 

74 

195,114 

1  1 1  ,()00 

88 

312,970 

197.770 

The  Dockyards         

5 

51.S60 

.12,500 

8 

f  14,9 10 

1,400 

The  Thames  ... 

306 

29,181 

51,129 

271 

55.'>*)9 

1.U.417 

Western  Ports 

67 

27,022 

19,165 

0() 

52,776 

•  oJ<,475 

The  Hiunber  ... 

120 

26,442 

24.135 

81 

I4,.^09 

4«,8«>2 

English  Channel  Port> 

147    - 

6,764 

12,829 

152 

6,230 

6,008 

Bristol  Channel  Ports 

/ 
937 

1,063 

605 

5 

i,S4M 

735 
8tp..:98 

891,521 

^'^>9,373 

876 

1 ,092,760 

i88  Page's   Magazine. 

Marine  Engineering.  World's  Output. 

The  output  bv  marine  engineers  in  the  United  The    following    table   summarises   the   entire 

Kingdom    during    1902    aggregated    1,309,500  work   in   the   year   in   the   world,   according   to 

i.h.p.,  as  against  1,471,788  i.h.p.  in  1901.     The  available  returns  :— 


Scotland           

England           

Ireland 

I 

United  Kingdom  totals... 

British  Colonial          

Foreign           

Grand  totals 

U/)2. 

1901. 

i 

Vessels. 

Tons. 

IH  P. 

Vessels. 

Tons. 

I.H.P. 

404 
937 

27 

567,886 
891,521 
159,633 

5.vi,i28 
669,373 
107,100 

376 

876 

-It 

554,406 

1,092.760 

15 ',922 

472,190 

890,298           ! 
109,300 

1,368 

86 

939 

1,619,040 

24.700 

1,054,907 

1,309,601 

10,815 
7i7Ji'7 

1,275 
72 

^45 

1,799,088 

9,394 

954,803 

1,471,788 

11,1X4 

790,476 

2,393 

2,698,647 

2,038,133 

2,192 

2,763,285 

2,273,378 

table  given  below  shows  the  leading  marine 
engineering  firms  for  this  year  in  the  order  of 
their  i.h.p.  : — 

I.H.P. 

The  Xorth-Eastcrn  .Marine  Company,  Wallsend 

and  Sunderland    ...         ...  ...         ...  ..  85,845 

Richardson's,  Westgarth  and  Co.,  Middles- 
brough, Hartlepool  and  Sunderland  78.050 

Hawthorn,  Leslie  and  Co.,  Newcastle-on-Tyne  65,000 

The  Wallsend   Slipway   Company,   Xewcastle- 

on-Tyne      62,550 

Harland  and  Wolff,  Belfast  60,200 

The  Armstrong  Company. 

In  connection  with  the  Tyne  returns,  it  may 
be  mentioned  that  Sir  W.  G.  Armstrong,  Whit- 
worth  and  Company,  Ltd.,  Newcastle-on-Tyne, 
during  the  past  fifty  years  have  built  732  vessels 
of  nearly  one  million  tons  gross,  and  over  one 
million  indicated  horse-power.  The  ships  built 
comprise  war  vessels,  passenger  and  cargo 
vessels,  ice-breaking  steamers,  vessels  for  the 
carriage  of  petroleum  in  bulk,  suction  dredgers, 
railway  ferry  steamers,  and  vessels  of  various 
types.  The  following  table  gives  particulars 
of  the  various  classes  of  vessels  constructed 
at  their  Walker  and  Elswick  Shij:)yards  from 
1852  to  1902  : — 


No. 

Tonnage. 

I.H.P. 

Passenger  and  cargo  steamers 

379 

518,038 

284,131 

War  vessels      

103 

186,129 

548,255 

Paddle  steamers 

92 

24,624 

29, 1 06 

Petroleum  steamers    ... 

77 

220,357 

108,636 

ice-breakers,    dredgers, 

and 

vessels  of  various  types 

81 
732 

49,340 

3.S.2.S0 

Totals    ... 

998,488 

',"05,378 

From  England  to  Australia  in  Fourteen  Days. 

Five-and-twenty  years  ago  it  was  prophesied 
that  the  time  would  come  when  one  would  be 
able  to  accomplish  the  journey  from  London  to 
Melbourne  in  sixteen  days.  This  prediction  is 
certainly  likely  to  be  verified  by  the  completion 
of  the  great  Siberian  Railway,  which  stretches 
from  Moscow  to  Port  Arthur,  connecting  up 
a  line  which  spans  the  continent  from  Calais 
to  the  coast  of  China.  This,  the  greatest  ex- 
panse of  steel  rails  known  to  the  railway  world, 
is  almost  equal  in  mileage  to  the  United  States 
and  Canadian-Pacific  lines  put  together,  and, 
like  them,  has  been  constructed  at  the  rate  of 
over  a  mile  a  day,  the  rails  of  each  mile — at 
first  roughly  laid — being  instantly  utilised  to 
transport  material  for  the  construction  of  the 
line  ahead.  The  work  of  relaying  the  track  with 
heavier  rails  and  strengthening  the  permanent 
wav  is  being  pushed  on  with  astonishing 
rapidity. 

The  London-Shanghai  Journey. 

The  j)resent  sixteen  days'  journey  from 
London  to  Shanghai  is  made  at  the  very 
moderate  rate  of  twenty  miles  an  hour.  M.  de 
Passek,  the  Imperial  Consul-General  for  Russia 
in  Australasia,  however,  assured  a  deputation 
that  as  Russia  was  resolved  to  spare  no  effort  to 
make  the  Siberian  Railway  the  main  highway 
between  the  West  and  the  East,  the  line  would 
be   brought    up   to   the   European   standard   of 
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speed  at  the  earliest  possible  time.  As  events 
are  shaping,  it  is  more  than  probable  that 
within  the  next  four  or  five  years  passengers  and 
mails  from  London  will  be  delivered  at  Port 
Arthur  within  eight  days.  According  to  an- 
nouncements the  line  to  Port  Arthur  will  be 
opened  to  direct  traffic  with  European  railways 
early  in  this  year,  when  passengers  from  the  great 
European  towns  will  be  able  to  book  right 
through  to  the  various  Chinese  and  Japanese 
cities. 

Proposed  Adelaide-Port  Darwin  Line. 

A  passage  between  Port  Arthur  and  Port 
Darwin  in  the  north  of  Australia  can  be  made 
b\'  a  vessel  possessing  the  speed  of  the  ordinary 
trans-Atlantic  boats  in  six  days.  There  is, 
however,  no  communication  by  rail  between 
Port  Darwin  and  the  important  Australian 
centres.  To  get  over  this  difficulty  it  has  been 
proposed  to  construct  1,063  rniles  of  single  track 
Tailwa}',  on  a  gauge  of  3  ft.  6  in.  with  60  lb.  steel 
rail,  to  bridge  the  tremendous  gap  between 
the  respective  railheads  of  Adelaide  (South 
Australia)  and  Port  Darwin,  thus  running 
right  through  the  centre  of  the  Australian 
continent.  South  Australia  can,  without  putting 
her  hand  in  her  pocket,  secure  the  construction 
of  the  line  on  the  land  grant  principle, 
and  by  this  means  assure  the  prosperity  of  her 
valuable  northern  estate,  not  to  mention  the 
many  benefits  that  would  accrue  from  her 
position  as  Australia's  channel  of  communication 
with  all  the  world. 

American  Railway  Systems. 

In  the  course  of  a  critical  review  of  American 
railway's,  a  correspondent  of  the  Times  points 
out  the  fundamental  differences  which  exist 
between  British  and  American  systems.  The 
most  striking  perhaps  is  to  be  found  in  their 
respective  mileage.  The  total  length  of  com- 
pleted railways  in  the  United  States  in  1901  was 
198,787  miles,  whereas  the  length  of  line  open 
for  traffic  in  the  United  Kingdom  on  the  same 
date  was  22,078  miles.  Although  the  mileage 
of  American  railways  is  greatly  in  excess  of 
that  of  our  own.  the  density  of  passenger  traffic 
in  Great  Britain  is,  of  course,  far  greater  than 
in  the  United  States.     Taking  the  year  1900,  for 


example,  the  number  of  passengers  carried 
(exclusive  of  season  ticket  holders)  on  British 
railways  was  1,142,000,000,  while  the  railways 
of  the  United  States,  with  nine  times  the  mileage 
of  British  railways,  carried  only  576,000,000. 

The  Crude  and  the  Perfect. 

It  is  remarked  that  there  is  an  odd  admixture 
of  the  crude  and  the  perfect  that  strikes  one  in 
the  working  of  American  railways.  The  traveller 
in  the  United  States  is  most  favourably  im- 
pressed with  the  size,  beauty,  and  general 
arrangements  of  the  terminal  stations  of  the 
great  American  hues,  and  when  he  takes  a  seat 
in  a  Pullman  car  to  begin,  say,  a  journey  across 
the  American  Continent,  he  may  think  he  has 
reached  a  country  which  represents  the  highest 
type  of  railway  development.  But  before  he 
has  gone  many  miles  he  will  considerably 
revise  his  opinion.  When  travelling  in  America 
one  gets  the  curious  impression  that  American 
railway's  are  both  in  advance  of  their  times,  and 
two  or  three  decades  out  of  date.  In  no  respect 
are  American  railways  more  behindhand  than 
in  "  grade  "  crossings.  What  is  much  worse, 
however,  is  the  absence  of  overbridges  or 
tunnels  to  enable  the  passenger  to  cross  safely 
from  one  side  of  the  station  to  the  other.  The 
unfortunate  passenger  is  obliged  to  walk  over  the 
lines,  dodging  any  passing  trains  or  stray  loco- 
motives as  best  he  can. 

Taken  on  the  whole,  American  railroads 
suggest  a  much  lower  standard  of  completeness 
than  those  of  England.  Americans  are  ot 
opinion  that  the  British  system  may  suit  a 
country  like  Great  Britain,  but  they  believe 
that  the  American  method  of  beginning  in  an 
unpretending  style  and  effecting  betterments 
later  on,  suits  a  young  country  like  America 
better  than  English  methods  would.  There  is 
no  doubt,  however,  that  the  safety  of  the 
American  public  has  long  been  endangered  by 
the  numerous  level  crossings,  the  absence  of 
overbridges  at  stations,  and  the  various  other 
risks  and  perils  which  have  grown  up  witli  the 
American  railway  system.  Under  tliese  cir- 
cumstances it  is  gratifying  to  know  that  the 
work  of  betterment  on  many  of  the  lines  is 
already  in  j^rogress. 


A     Monthly   Review   of  the  leading  papers 
Technical  Institutions 


read   before   the   various   Engineering   and 
of   Great   Britain. 


Note. 
Area  of  Squares  represent .., 
Animal  Pig  Iron  Production  '■■ 
of  each  District. 
100,000  Tons  per     \ 
Annum  shewn  thus:-] 


Walker &Cockcrell  sc. 


I'lG.     1. 


THE   SOUTH 

RUSSIAN     IRON 

INDUSTRY. 

Archibald  P.  Head, 

M.Inst.C.E. 

TN  August,  1 90 1,  the 
-*-  author  visited  the 
South  Russian  iron 
district  to  report  on 
certain  iron,  coal,  and 
manganese  mines  and 
blast  furnaces,  and 
enjoyed  exceptional 
facilities  for  exam- 
ining these  industries 
from  a  metallurgical 
as  well  as  from  a 
commercial  stand- 
point. The  present 
paper  is  founded  on 
the  result  of  his  in- 
vestigations, and  was 
read  before  a  recent 
meeting  of  the  So- 
ciety of  Arts. 

The  production  of  iron 
in  South  Russia  has  made 
rapid  strides  in  recent 
years,  and  this  region  is 
now  by  far  the  most 
important  of  the  eight 
iron-producing  districts 
in  Russia,  both  European 
and  Asiatic.  The  follow- 
ing table  shows  their 
relative  importance,  on 
the  basis  of  the  produc- 
tion of  pig-iron:— 


(IC,C) 
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Production  of   Pn;    Ik'on    in    Ktssia. 


.  Tons  in  1899.* 

District. 

( Based  on  first  half 

year.) 

South  Russia 

1,241,1^0 

Ural 

772,926 

Poland           

201,588 

Moscow         

258,5')6 

North 

31,696 

Finland 

25,794 

Siberia           

4,814 

South-West 

2,946 

Total 

2,629,510 

Percentage 
of  total. 


473 
29-44 
]  10 

9-8 

0-97 

o-i8 
o-ii 


*  The  figures  for  1900  show  that  while  the  total  annual  production 
only  advanced  to  2,850,256  tons,  the  South  produced  517  per  cent,  of 
the  total,  and  the  Ural  district  remained  practically  static  nary. 


For  comparison  : — 


United  States 
United  Kingdom 
Germany    ... 


rroduction 

in  i.siri. 

Tons. 

13,620,703 
« (.300,000 
7,t>0O,000 


Fig.  I  shows  the  same  lacts  in  graphic  lurm.  It  will 
he  seen  that  the  Ural  district,  which  is  generally  suppused 
to  be  the  great  Russian  iron  centre,  has  now  lost  its 
supremacy.  The  more  rapid  progress  made  by  the 
Southern  district  is  shown  by  the  fact  that  whereas 
the  increase  of  -production  of  pig  iron  in  the 
Urals  between  1895  and  i8(;9  was  45  per  cent., 
that  of  the  South  was  130  per  cent,  during  the  same 
period. 

In  the  production  of  liiiished  steel,  the  South  shows  a 


TABLE   A.  — IRON   AND   STEEL    WORKS   IX   SOUTHERN    RUSSIA. 


Where, 

c 
d 

Source 

of 
Capital. 

Paid 

up 

Capital. 

to 

B 

Cn 

0 

0 

a 

6 

1869 
1889 

Products. 

Production  during 
1900. 

Total 
Tons. 

"0 

^11 

Name  of  Works. 

Pie  Iron 
Tons. 

Finished 

Iron     and 

Steel 

Tons. 

< 

Column  I 

2 

-Hughesofka 
Kamenskoie 

3 

I 
2 

4 

English 
Belgian  & 
Russian 

5 

£ 
900,000 

764,440 

7 

8 

'^ 

TO 

II 

12 

Hughes,      or      New 

Pig  iron 
and  steel 

do. 

7 
5 

267,820 
209,980 

159,030 
170  580 

426,850 
380,560 

8,319 

Dnieprovicnne,      or 
S.  Russian  Co.   ... 

6,339 

Briansk  Metallurgi- 

Ekaterinoslav 
Volintsevo 

3 

4 

B  ussian 

Russo- 

Belgian 

iv70i,005 
1,579,296 

1887 
1895 

do. 
do. 

5 

3 

145.780 
150.150 

107,790 
122,255 

253.570 
272,405 

7,068. 

Russo- Beige  Metal- 
lurgical Co 

2.713 

Donetz     -     Urievka 
Metallurgical   Co. 

Urievka 

5 

Russo- 
Gerraan 

845.883 

1895 

do. 

5 

109,510 

31,006 

140.516 

3.6JO 

prushkova,    or 
Donetz    Iron    and 
Steel  Co 

Drushkova 
Taganrog 

6 

7 

French 
Belgian 

702,810 
1,189,522 

1894 

1895 

do. 
do. 

3 
t 

94.770 
79.148 

79.620 
62.356 

"74.39° 
141.504 

2,4" 

Taganrog       Metal- 

3.166 

Nicopol  -  Marioupol 
Miningand  Metal- 
lurgical Co 

Marioupol 

8 

German 

and 
Russian 

789,684 

1896 

do. 

2 

76,770 

37.410 

114,180 

1.769 

Pastoukof.  or  Soul- 
inskie  Works 

Souline 

9 

Private 

1869 

do. 

3 

38,738 

25,284 

64,022 

3-004 

Russian        "  Provi- 
dence "  Works  .. 

Marioupol 

TO 

Belgian 

1,784,189 

1898 

do. 

3 

72.335 

47. >35 

H9.470 

1.972 

Makievskaia  Works 

Makievskie 

11 

do. 

2 

47,080 

16,664 

63.744 

I.i.5» 

Gdantsevski,           or 

Krivoy   Rog  Iron 
Mining  Co 

Krivoy  Rog 

12 

French 

1892 

Pig  Iron 

3 

52.038 

52.038 

330 

Olkovaia     Iron 
.Smelting  Co 

Ouspensk 

13 

Belgian 

207,365 

1896 

do. 

2 

76.277 

76.277 

450 

Krematorskova  Me- 
tallurgical Works 

14 

do. 

2 

15.059 

15.059 

2<)fi 

Almaznaia   Colliery 

Almaznaia 
Kertch 

15 
.16 

Belgian 

1000 

do. 
do. 

2 
2 

14,688 
25  059' 

14.688 
25.059 

176 

Kertch       Metallur- 
gical   Works  

2.274 

Verkhne     Dniepro- 
vicnne  Works 

Ekaterinoslav 

«7 

Belgian 

5«5.432 

do. 

1 

Biclaia     Blast-Fur- 
nace  Co 

Bielaia 

18 

Belgian 

396,486 

New 

do. 
Totals  .. 

2 
55 

I  475.»02* 

859.'JO* 

2.334.332 

— ■— 

•  Later  corresponding  figures  are  as  follows  :— Pig  Iron- 
Steel — 1901,  984,000  tons  ;   1902  (rate  of),  804,000  tons. 


1,482,000  tons  ;  1902  (rate  of).  1.457,000  tons.        Iron  and 


i 


(192) 
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still    greater    supremacy     over    all     other    districts,    a^ 
follows  : — 


PRODUCTION'    OF    P^INISHKO    STEEI.    IX    RUSSIA 
District.  Tons  in  1900. 


Percentage 
of  Total. 


South  Russia 

Ural 

Poland 
Moscow- 
North 


Total 


'''43,950 
181,950 
203,910 
123,620 
86,280 


1,439.710 


12  63 
1414 
860 
5'99 


After  describing  the  local  topography,  the 
author  proceeds  to  analyse  the  quality  of  the 
ore,  and  to  deal  with  the  railway  communication. 
He  then  mentions  the  blast  furnaces  and  steel 
works  where  the  finished  article  is  produced. 

Table  A  gives  a  list  of  the  18  chief  iron  and  steel  works 
in  the  South,  together  with  various  particulars  as  to 
capital  and  nationality.  From  column  6  it  will  be  noticed 
that  most  of  these  works  have  been  built  since  1892,  and 
are  therefore  quite  modern.  Column  4  shows  that 
Belgian  capital  largely  preponderates.  Although  the 
first  works  in  this  district  (the  Xew  Russia  Company)  were 
started  in  1869  by  an  Englishman,  Mr.  Hughes,  very  little 
English  capital  has  flowed  in  the  same  direction.  It  is 
different  with  Belgian  capital.  Since  the  establishment 
of  the  first  Belgian  company,  the  Dnieprovienne,  or  South 
Russian  Company  (associated  with  Messrs.  Cockerill,  of 
Seraing,  Belgium),  there  has  been  a  constant  influx  of 
Belgian  capital.  Out  of  the  most  important  works 
enumerated,  at  least  eight  are  partially  or  entirely  Belgian 
capital,  whils  out  of  the  total  number  of  55  blastfurnaces, 
21  are  Belgian. 

The  author  personally  visited  live  of  these  works,  viz.  : 
Briansk,  Donetz-Urievka,  Gdantsevski,  Almaznaia,  and 
Bielaia,  and  was  much  struck  by  the  good,  substantial, 
and  well-constructed  nature  of  the  work.  Generally 
speaking,  the  structural  portions  of  the  works  have  been 
built  in  Russia,  and  tlie  machinery  in  Belgium,  Germany, 
or  France,  or  to  a  small  extent  in  England  and  America. 

There  is,  perhaps,  an  absence  of  labour  -  saving 
appliances  in  the  blast  furnaces,  notably  in  the  handling 
of  materials  between  the  stock  piles  and  the  furnace  top. 
But  it  must  be  remembered  that  Russia  is  different  from 
Western  Europe  and  America,  in  the  scarcity  of  skilled 
mechanics  for  the  maintenance  of  machinery.  Me- 
chanical instinct  is  not  a  conspicuous  quality  among 
Russians,  and  the  care  and  foresight  exercised  by  those  in 
charge  of  machinery  is  too  often  regulated  solely  by  the 
amount  of  supervision  and  discipline  to  which  they  are 
subjected.  Consequently,  there  is  not  only  a  great 
liability  for  machinery  to  go  wrong,  but  great  difliculty 
ill  repairing  it.  If  to  this  be  added  the  cheapness  of 
manual  labour,  there  are  sufficient  reasons  for  the 
avoidance  as  far  as  possible  of  all  complicated 
machinery.  Generally  speaking,  a  proper  mean  course 
has  been  followed  between  too  much  mechanism  on  the 


one  hand  and  too  wasteful  an  expenditure  of  labour  on 
the  other  hand.  After  making  due  allowance  lor  these 
conditions,  the  design  and  workmanship  of  some  of  the 
most  modern  blast  furnaces  and  accessory  appliances 
leaves  little  to  be  desired,  and  bears  comparison  with 
some  of  the  best  plants  in  Europe.  The  f^ersoiiiici  urc  as 
a  rule  of  the  nationality  of  the  owners.  Thus  in  works 
of  Belgian  or  French  capital  the  director  and  depart- 
mental managers  are  Belgians  or  Frenchmen  respectively. 
In  Russian  works,  on  the  other  hand,  positions  of 
responsibility  are  largely  occupied  by  Poles.  The 
workmen  are  in  all  cases  Russian. 

It  will  be  seen  that  of  the  18  important  works  in 
South  Russia  enumerated  in  Table  A,  all  make  pig  iron, 
in  a  total  of  55  blast  furnaces,  and  11  are  steel  makers  in 
addition.  The  works  are  not  concentrated  in  manu- 
facturing centres,  but  scattered  along  the  Ekaterine 
Railway.  The  whole  country  is  what  is  known  as 
Steppes,  viz.,  extensive  undulating  plains,  entirely 
treeless,  except  by  the  edges  of  streams  and  rivers. 
Every  eminence  is  crowned  by  a  tumulus,  said  to  have 
been  erected  in  olden  times,  either  to  repel  the  Tartar 
invasions  or  as  a  burial  place  for  chiefs.  The  scattered 
nature  of  the  w-orks  and  the  comparative  scantiness  of 
population,  as  w-ell  as  the  want  of  enterprise  of  private 
builders,  makes  it  necessary  for  each  company,  whether 
mining  or  metallurgical,  to  erect  colonies  for  their  work- 
people, which  generally  consist  of  comfortable  houses 
varying  in  accommodation  from  the  eight-roomed  house, 
containing  four  unmarried  men  per  room,  to  the 
sumptuous  mansion  of  the  director.  The  rainfall  is 
small,  being  about  11  inches  per  annum,  due  to  the 
treelessness  of  the  land.  This  necessitates  elaborate  and 
expensive  arrangements  for  water  supply  at  most  works. 
At  one  blast  furnace  plant  visited  by  the  author,  an 
artificial  lake  has  been  made,  97  acres  in  area,  holding 
X43  million  gallons  of  water,  and  situated  200  feet  below 
the  blast  furnaces  to  which  water  is  pumped  in  two 
stages  by  electrically  driven  pumps. 

Import  Duties. — There  is  an  import  duty  into  Russia 
on  ordinary  pig  iron  by  way  of  Black  Sea  ports  of 
£2  igs.  5d.  per  ton,  which  is  sufticient  to  keep  out  foreign 
competition.  An  excise  duty  of  23.  per  ton  of  Russian- 
made  pig  iron  was  abolished  by  the  Government  in  upi, 
in  order  to  afford  some  relief  to  the  harassed  trade.  On 
account  of  the  heavy  import  duties  pig  iron  has  been  im- 
ported in  but  small  and  decreasing  quantities,  as 
follows:  1900,51,000  tons;  1901,29,700  tons;  n>02,  at 
the  rate  of  14,520  tons. 

The  import  duty  on  ferro-manganese  and  spiegeleisen 
is  £i\  19s.  per  ton,  which  is  sufiicient  to  keep  out  English 
made  spiegeleisen,  but  not  sufficient  to  keep  out  English- 
made  ferro-manganese,  which  latter  can  be  sold  in  South 
Russia  at  about  £2  per  ton  below  market  price,  and  which 
is  sent  regularly  from  England  by  way  of  Black  Sea 
ports  at  the  rate  of  about  4,250  tons  per  annum.  At  the 
present  time,  speigeleisen  and  ferro-manganese  are  being 
made  in  Russia  at  live  of  the  works  enumerated  in  Tabic 
A.  The  import  duties  on  finished  steel  products  arc  as 
follows  :  Steel  ingots  and  plates,  £5  i8s.  per  ton  ; 
merchant  iron,  ^,"5  18s.  per  ton;  steel  sheets,  £S  9s.  to 
£()  i8s.  per  ton. 

Govcritiucnl    Control.— The    Government    exercises    a 
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very  real  and  somewhat  paternal  control  over  the  minini,' 
•companies  for  the  protection  of  the  workpeople,  employ- 
ing an  army  of  otiicials  for  the  purpose.  All  companies 
are  obliged  to  supply  a  Government  mining  engineer, 
and  are  subject  to  periodical  visits  by  Government 
inspectors.      The    companies    are    obliged    to    provide 


proper  accommodation  for  the  operatives  in  the  way  of 
houses,  hospitals,  churches,  etc.,  and  the  slightest  accident 
resulting  in  injury  to  any  workman  is  the  subject  of 
Government  inquiry.  The  employers  appear  to  live  in 
dread  of  accidents,  on  account  of  the  troublesome 
investigations  which  invariably  follow. 


Fig-  3- 

KRIVOY  ROG 

IRON    MINING 


^\•alker  &Cockereilsc. 
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Steel  Works.— The  eleven  steel  works  in  South  Russia 
are,  as  a  rule,  well  equipped  with  modern  machinery. 
Both  the  open  hearth  and  Bessemer  processes  are  used 
for  conversion  of  pig  iron  into  steel.  The  finished  pro- 
duct may  be  classified  as  follows  :— 

Per  cent,  of  total 
steel  production. 


Railway    materials    (rai 

tyres  and  a.xles) 
Merchant  bars,  sheets,  columns 
Miscellaneous 


Is,    tish    platen 


47-5 
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The  present  market  prices  of  finished  steel  products 
are  :  Rails,  ;^8  5s.  per  ton  ;  rolled  joists,  A5  15s.  6d. 
per  ton  ;  merchant  iron,  ;^8  5s. 

(7'o  be  continued.) 


THE      RUPNARAYAN      BRIDGE, 
BENGAL-NAGPUR  RAILWAY. 

A  PAPER  on  this  important  bridge,  built  by 
the  Bengal-Nagpur  Railway,  and  forming 
part  of  the  direct  east-coast  line  between 
Calcutta  and  Madras),  was  recently  contributed 
to  the  Institution  of  Civil  Engineers  by  Mr.  S. 
Martin-Leake. 

The  Rupnarayan  was  both  a  river  and  a  tidal  creek. 
The  total  discharge  had  been  estimated  to  be  563,530 
cubic  feet  per  second,  with  a  velocity  of  10  ft.  per  second. 
The  river  was  embanked  on  either  side,  and  the  flood- 
level  was  considerably  higher  than  the  surrounding 
country;  the  greatest  depth  of  water  before  work  com- 
menced was  17  ft.  below  low  water.  The  bridge  con- 
sisted of  seven  spans  of  300  ft.  (314  ft.  6  in.  from  centre 
to  centre  of  piers)  and  four  spans  of  100  ft.,  two  at  each 
end.  The  piers  were  all  built  for  a  double  road,  but 
girders  for  one  road  only  had  been  erected. 

The  piers  for  the  larger  spans  were  founded  on  steel 
caissons,  88  ft.  in  height,  63  ft.  in  length,  and  22  ft.  in 
width,  with  semi-circular  ends.  -Each  caisson  was 
divided  by  means  of  cross  bulkheads  into  three  dredging - 
chambers,  13  ft.  6  in.  in  width.  The  inner  plates  of  the 
bottom  12  ft.  were  inclined  to  a  cutting  edge,  and  formed 
the  shoe.  Above  the  shoe,  the  caisson  was  built  up  of 
rings  4  ft.  in  height,  connected  together  by  horizontal 
angle-bars;  each  ring  could  therefore  be  erected  com- 
plete, lifted  into  position,  and  riveted  to  the  caisson,  thus 
saving  time.     Each  caisson  weighed  385  tons. 

The  river-bottom  consisted  of  a  layer  of  hard  blue  clay, 
covered  on  the  east  side  with  silt ;  this  clay  e.xtended  to  a 
depth  of  about  10  ft.  Below  the  blue  clay,  yellow  clay 
varying  in  quality,  was  met  with  to  a  depth  of  55  ft.  ; 
below  this  was  sand,  and  in  this  sand  the  caissons  were 
founded.  Caissons  Xos.  i  and  8  were  sunk  from  ground- 
level  ;  Xos.  5,  6  and  7  from  islands  ;  and  Nos.  2,  3  and  4 
were  lowered  and  sunk  from  a  floating  staging  erected  on 
flats. 

Work  commenced  on  No.  1   caisson  (on  the  west  bank  I 


in  August,  1897.  .\t  first  the  sinking  was  carried  out  by 
men  inside  the  caisson,  the  clay  sunk  through  being  im- 
pervious to  water  ;  but  at  a  depth  of  16  fl.  the  external 
pressure  was  found  to  be  bulging  the  side  cutting-edges 
inwards  ;  dry  sinking  was  therefore  stopped  and  the 
caisson  filled  with  water.  No  further  attempt  at  dry 
sinking  was  made  with  any  of  the  caissons.  Further 
sinking  was  done  with  dredgers.  At  a  depth  of  about 
78  ft.  the  caisson  hung  badly  and  refused  to  go  down  ; 
holes  were  excavated  below  the  cutting  edge,  and  some 
of  the  internal  water  was  baled  out,  the  caisson  then 
began  to  move,  going  down  9  ft.  in  4  hours.  Baling  out 
some  of  the  water  after  excavating  holes  below  the 
cutting  edge  was  found  to  be  a  certain  method  of  moving 
the  caissons  whenever  they  refused  to  follow  the  dredging. 
Bruce  and  Batho  dredgers,  each  having  a  capacity  of 
30  cubic  feet,  were  used,  one  in  each  of  the  three  dredging- 
chambers.  The  dredgers  were  suspended  from  a  hori- 
zontal timber  supported  by  a  staging  of  old  rails,  stiffened 
with  angle-bars.  As  the  caisson  sank  and  more  rings 
were  added,  lengths  of  8  ft.  were  added  to  the  verticals 
and  the  lower  stiffening  bars  were  disconnected  and 
refixed  to  the  newly  added  lengths.  The  verticals  were 
built  in  as  the  masonry  filling  of  the  caisson  advanced  in 
height.  Thus  no  time  w^as  lost  in  dismantling  and  re- 
erecting  staging  each  time  the  caisson  was  added  to. 
The  staging  remained  permanently  in  position.  The 
sinking  of  Xo.  1  caisson  was  completed  in  August,  189S. 

In  October,  1897,  islands  were  constructed  for  caissons 
Nos.  6  and  7  by  driving  piles  about  5  ft.  apart,  enclosing 
a  space,  similar  in  shape  to  the  caisson,  but  allowing  5  ft. 
clear  all  round.  Outside  sand-bags  were  heaped  against 
the  piles,  the  inside  being  filled  with  silt,  and  on  this 
the  caissons  w^ere  erected.  The  sinking  was  done  with 
dredgers.  The  three  steam-hoists  working  the  dredgers 
w-ere  contained  in  a  large  barge,  moored  alongside  the 
caisson.  Caisson  No.  6  was  completed  in  September, 
1898,  and  No.  7  in  August,  1898  ;  caisson  No.  5,  also  sunk 
from  an  island,  was  commenced  in  December,  1898,  and 
completed  in  September,  1899.  As  soon  as  these  caissons 
were  known  to  have  entered  the  blue  clay  the  tides  were 
allowed  to  wash  away  the  islands. 

It  was  not  possible,  without  incurring  great  expense, 
to  make  islands  for  caissons  Nos.  2,  3  and  4,  the  tides 
running  very  strong  at  their  sites.  These  caissons  had 
therefore  been  lowered  from  a  floating  staging.  Two 
ordinary  river  flats,  180  ft.  by  26  ft.  by  9  ft.,  had  been 
purchased  in  Calcutta  ;  these  were  placed  24  ft.  apart, 
and  carried  the  staging  required.  The  staging  consisted 
of  two  parts,  the  forw^ird  position,  40  ft.  in  height,  being 
used  for  lowering  and  sinking  the  caissons.  The  height 
w-as  necessary  in  order  to  clear  the  caissons  at  low  water 
during  sinking  ;  the  after  portion,  20  ft.  in  height,  was 
used  for  erecting  the  rings  on  ;  three  rmgs  o.uld  be 
erected  complete  on  it  at  one  time.  The  staging  was 
made  of  Oregon  pine,  a  special  consignment  of  which 
was  obtained  from  America.  The  caisson-shoes  were 
erected  and  made  watertight  on  a  temporary  pl.Uforni 
placed  over  the  space  between  the  Hats.  Each  shoe, 
weighing  75  tons,  was  lifted  by  means  of  sixteen  lo-ton 
Weston  pulleys  suspended  from  the  top  olthe  staging, 
each  group  of  four  bl...i.<  Im-Iml-  connected  to  one  hook 
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placed  under  the  cutting  edge  by  means  of  equilibrium 
bars.  The  shoes,  having  first  been  raised  sufficiently  to 
allow  the  platform  to  be  removed,  were  then  lowered 
into  the  water  until  a  part  of  the  weight  was  carried 
by  flotation.  Rings  had  then  been  added  until  the 
total  height  of  caisson  was  sutficient  to  keep  the 
top  above  water  at  high  tide  alter  pitching.  The 
caisson  was  then  ready  to  ground.  Previously  the 
moorings  of  the  flats  had  been  adjusted  daily.  At 
the  top  of  the  tide  the  caisson  was  lowered  sufticiently 
to  allow  the  cutting  edge  to  ground  as  the  tide  fell,  and 
any  final  adjustments  for  position  and  span  to  be  carried 
out.  As  soon  as  the  loads  were  taken  off  the  hooks  t.ie 
lowering  tackle  was  disconnected  and  water  admitted 
into  the  caisson.  No  difiiculty  was  found  in  pitching 
the  three  caissons  on  their  exact  sites.  Caissons  Xos.  2 
and  4  were  sunk  by  means  ot  Sir  Bradford  Leslie's 
boring  plant,  No.  3  ;  after  pitching,  by  dredgers.  The 
plant  consisted  of  a  boring-head  with  four  arms,  10  ft. 
in  total  diameter,  rotated  by  means  of  an  annular  pipe 
26  in.  in  external  and  13  in.  in  internal  diameter,  bolted 
together  in  8-ft.  lengths^  driven  by  a  small  steam-engine 
fixed  to  a  gear-box  bolted  to  the  caisson.  Over  the  side 
of  the  caisson  was  a  siphon,  one  leg  running  down  the 
13-in.  pipe,  the  other  into  the  river.  Water  was  pumped 
into  the  dredging-chambers  by  two  13-in.  centrifugal 
pumps.  When  working,  the  water  due  to  the  head 
maintained  by  these  pumps  flowed  up  the  rotating  shaft 
through  the  siphon  into  the  river,  carrying  with  it  the 
mud,  etc.,  cut  away  by  the  boring-head.  Caisson  No.  2, 
commenced  in  December,  1897,  was  founded  in  August, 
1898  ;  No.  3,  started  October,  1898,  was  founded  in 
August,  1899  ;  and  No.  4,  started  December,  1898,  was 
founded  in  January,  1900.  Caisson  No.  4  gave  consider- 
able trouble  in  sinking  when  only  a  few  feet  into  the 
river-bed,  and  after  it  had  been  built  up  to  a  height  of 
40  ft.,  it  one  day  suddenly  tilted  over  until  it  was 
5  ft.  ()  in.  out  of  plumb.  It  was  eventually  straightened, 
but  finally  was  founded  about  2  ft.  to  the  west  of  its 
proper  positi(;n.  None  of  the  other  caissons  were  more 
than  9  in.  out  in  any  direction.  The  tops  of  the  caissons 
were  taken  down  to  low-water  level. 

The  girders  were  of  a  semi-bowstring  type,  each  span 
weighing  546  tons.  They  were  erected  on  two  pontoons 
of  steel,  280  ft.  by  40  ft.  by  10  ft.  These  were  built  in 
Calcutta  and  designed  so  that  they  might  afterwards  be 
used  for  the  waggon-ferry  o\^r  the  Hugh  in  Calcutta. 
Each  span  was  erected  complete  on  the  decks  of  the 
pontoons  and  then  floated  over  the  piers  at  high  water, 
the  piers  having  previously  been  built  only  to  a  height 
of  18  ft,  above  low  water.  As  the  tide  fell  the  pontoons 
floated  away  and  left  the  span  supported  on  packings. 
The  remaining  15  ft.  in  height  of  the  piers  had  been 
built  as  the  spans  were  lifted.  The  lifting  was  effected 
with  150-ton  hydraulic  jacks.  To  obtain  as  much  room 
as  possible  the  spans  were  placed  alternately  on  the  sites 
of  the  up  and  down  roads,  and,  when  at  the  full  height, 
those  on  the  site  of  the  down  road  were  traversed  over 
into  line  with  the  others.  All  the  bricks  and  lime  used 
on  the  works  were  burnt  at  the  bridge  site.  The  total 
weight  on  the  base  of  each  pier  was  8,697-5  tons,  or  67 
tons  per  square  foot. 


The  actual  construction  was  commenced  in  .\ugust, 
1897,  and  the  bridge  was  tested  and  passed  by  the 
Government  Inspector  on  the  ist  May,  1900. 


ELECTRIC  AUTOMOBILES. 

IN  his  introduction  to  a  paper  on  "  Electric 
Automobiles,"  read  before  the  Institution 
of  Civil  Engineers,  Mr.  H.  F'.  Joel  said  that  this 
was  possibly  the  most  practical,  and  certainl}- 
the  most  interesting,  form  of  motor  car. 

These  had  now  become  thoroughly  practical  vehicles, 
journevs  of  over  100  miles  on  one  charge,  and  tours  of 
over  1,000  miles  (from  London  to  Gl.isgow  and  back) 
having  been  satisfactorily  accomplished.  Electrical 
energy  was  power  in  an  economical  and  readily  applied 
form,  the  application  of  which  gave  rise  to  no  noise  or 
smell,  made  no  refuse,  and  was  convenient.  It  also 
attorded  facilities  for  braking  power  and  recuperation  of 
energy  which  were  not  obtained  with  other  sources  of 
energy. 

It  was  only  since  the  passing  of  the  Locomotives  on 
Highways  Act,  in  1896,  that  the  problem  of  motor-cars 
had  been  seriously  attacked  in  this  country.  In  Germany, 
France,  Austria,  .\merica,  Ital}-,  Spain,  Belgium,  and 
many  other  countries,  earnest  attention  was  being  given 
to  the  manufacture  and  the  perfection  of  electric  vehicles, 
and  in  most  of  these  countries  inventors  and  designers 
were  assisted  by  their  governments  directly  by  subsidies, 
by  ofticial  trials,  as  in  Berlin,  or  otherwise.  In  England 
it  had  been  left  entirely  to  the  enterprise  of  the  private 
individual  to  compete  with  the  foreigner  for  a  share  at 
least  in  this  new  and  important  industry,  which  even  now 
gave  emplovment  to  some  10,000  men  in  this  country. 

Tabulated  examples  of  recent  long-distance 
runs  of  carriages  propelled  by  one  charge  were 
given,  and  these  records  were  analysed  for 
comparison,  elevations  and  plans  of  the  car- 
riages being  shown  to  scale,  and  the  disposition 
of  the  batteries  indicated.  As  these  were  all 
special  designs  and  not  merely  adaptations  of 
carriages,  they  were  instructive  as  examples. 
The  author  then  considered  brieiiy,  in  turn,  the 
leading  points  in  connection  with  the  various 
parts  of  an  electric  automobile,  namely,  the 
storage-batteries,  or  accumulators,  motors  and 
gearing  controllers  and  circuits  ;  imderframes, 
types  of  vehicles,  design  and  construction  of 
carriage  and  proportion  of  power  to  load  ;  as 
well  as  the  comparative  costs  of  electric  and 
other  motor  cars. 

Some  very  careful  tests  to  determine  the 
durability  of  storage-batteries  were  made 
by  the  Automobile  Club  of  France  in  1899, 
extending  over  six  months,  the  results  of  which 
were  given  in  the  paper. 


Notable    British    Papers  of    the  Month. 


'97 


The  tests  had  been   made  under  conditions  analogous 
to     those     that    would     occur     in     tlic      carriages     in 
practical   use.     The  sets   of   batteries  had  been  equally 
chari^ed  with  24  amperes  at  2-5  volts  per  cell,  but  had 
been    discharged    at    rates    varying    from    20    to    100 
amperes,  with  intermediate  periods  of  rest,  and  whilst 
being  discharged  they  had   been  subjected  to  artiticial 
vibrations,  to  give  the  effect  of  road  vibrations,  and  this 
treatment  had  been  continued  until  the  cells  had  shown 
signs  of  failure. 
RATIO    OF    WEIGHT     OF    VEHICLE     TO    WEIGHT     OF 
STORAGE-BATTERY. 
Generally  speaking,  as  the  ratio  of  the   battery  to  the 
vehicle  increased,  so  the  distance  the  vehicle  could  be 
run   on    one    charge    was    increased.      But   of  greater 
importance,  from  a  practical  point  of  view,  was  the  load- 
carrying  capacity,  and  ratio  of  the  weight  of  useful  load 
to  the  weight  of  the  battery  and  vehicle.     A  battery  of 
accumulators  weighing  6  cwt.  would  give  10  h.p.-hours, 
or  672  lb.  weight  of  battery  for  i  h.p.-hour,  taking  the 
efficiency  of  the  motor  and  gear  at  75  per  cent.    Assuming 
an  output  of  15  watt-hours  for  i  lb.  of  complete  battery, 
such   a  battery  would   convey   itself  against   a  tractive 
resistance  of  50  lb.  per  ton  (or   1/45),  at  the  rate  of  12 
miles  per  hour,  for  a  total  distance  of  250  miles.     If  the 
vehicle  to  convey  this  battery  weighed  6  cwt.,  the  distance 
that    could   be  run  with  vehicle  and  battery  would  be 
125  miles;   and  with  a  load  of  3  cwt.  (driver  and  pas- 
senger) the  distance  would  under  the  same  conditions 
be  reduced  to   lOO  miles,  equal  to  75  ton-miles.      With 
twice  the  load,  or  6  cwt.,  the  distance  of  the  run  would 
be  reduced  to  83-8  miles,  but  the  ton-mileage  would  be  the 
same ;  and  with  three  times  the  load,  namely,  9  cwt.,  the 
distance  would  be  still  further  reduced  to  71-4,  also  equal 
to  75  ton-miles.     The  cost  of  carrying  the  useful  load 
would  be,  for  the  3  cwt.  load,  at  the  rate  of  r8d.  per  ton- 
mile  ;  for  the  6  cwt.  load,  r  id.  per  ton-mile  ;  and  for  the 
9  cwt.  load,  o-gd.  per  ton  mile.     The  conclusion  would  be 
.that,  as  the  load  was  increased,  the  cost  of  conveying  the 
useful  load  per  ton-mile  was  reduced  ;   this  was  so,  but 
the  limit  was  soon  reached  when   the  vehicle  must  be 
made  stronger  and  heavier  to  carry  the  increased   load, 
and  the  running  cost  of  the  whole  would  be  increased,  as 
well  as  the  first  cost  and  the  consequent  allowance  for 
depreciation  and  interest.   Curves  were  given  in  the  paper 
showing  the  ton-mileage,  in  conjunction  with  the  ratio 
of  weight  of  battery  to  the  total  weight  ;   the   ratio  of 
useful    load    to   the    total    weight  ;    the   cost  of  electric 
energy  per  ton-mile  of  useful  load  ;  the  cost  of  electric 
energy  for  running  the  car  and  battery  without  load  ;  and 
also  the  relative  weights  and  costs  of  cars. 

In  America  batteries  were  made  which  gave  a  very 
great  output  with  a  comparatively  shortened  life  of  the 
positive  plates,  and  as  these  batteries  were  of  com- 
paratively small  cost  they  could  be  entirely  renewed, 
say,  each  year,  and  this  had  been  stated  to  result  in 
economy. 

The  author  considered  that  potenliahties  of 
electric  propulsion  of  carriages  on  common 
roads  were  very  great.  England  had  been  late 
•n    taking     up     the     motor-car,   and     France, 


America,  Germany,  and  other  countries  were 
far  ahead,  but  it  was  to  be  hoped  that  England 
would  now  take  its  place  in  the  world  with  this 
new  industry,  as  it  had  done  in  the  past  with 
the  steam  locomotive. 


TECHNICAL    EDUCATION. 

A  T  the  tenth  annual  general  meeting  of  the 
-^~*'  Association  of  Technical  Institutions,  Sir 
J.  Wolfe  Barry,  K.C.B.,  LL.D.,  F.R.S.,  in  the 
course  of  his  presidential  address,  made  some 
interesting  remarks  on  the  subject  of  Technical 
Education.  Discussing  its  progress  in  England, 
America,  and  Germany,  he  remarked  that  if  the 
public  opinion  of  this  country  were  as  firmly 
convinced  on  technical  education  as  that  of 
Germany  and  America  there  could  not  be  that 
want  of  funds  which  they  now  sorrowfully 
recognised.  What  was  wanted,  above  all  things, 
was  to  convince  their  manufacturers  of  the 
extreme  value  of  technical  education. 

BRITISH     TRADE. 

At  the  same  time  he  cautioned  them  against 
any  exaggeration  in  estimating  the  influence  of 
technical  education  on  trade  competition.  It 
was  of  the  greatest  weight,  but  he  mentioned 
several  other  reasons  for  the  great  development 
of  German  and  American  commerce  during  the 
past  twenty  or  thirty  years.  His  remarks  on  the 
present  position  of  British  trade  were  signihcant. 

In  spite  of  well-grounded  alarms,  our  feet  had  not  at 
present  been  very  badly  pinched  by  the  shoes  of  the  com- 
petition of  other  countries  ;  the  Board  of  Trade  returns  did 
not  indicate — what  we  often  heard  of— the  decadence  of 
British  trade.  Up  to  now  this  country  was  holding  its 
own,  both  in  excellence  of  work  and  in  its  volume.  He 
did  not  say  that  she  would  continue  to  do  so,  but,  on  the 
contrary,  he  recognised  real  dangers.  He  thought,  how- 
ever, that  another  main  reason  why  we  had  been  and  still 
were  backward  in  getting  on  equal  terms  with  our  com- 
petitors in  matters  within  our  control— for  example,  in 
technical  education— was  due  to  the  fact  that  the  sharp 
pinch  of  necessity  had  not  yet  absolutely  come.  That  it 
would  come,  and  come  sharply,  if  we  did  not  mend  our 
wavs  he  had  little  doubt. 

RESEARCH  TO  BE  STIMULATED  OUR  NEEDS. 

He  ventured  to  say  that,  tnsl,  wc  wanted  to  render 
available  the  highest  intellects  among  us  for  rescarcii  as 
iipplied  to  the  arts,  and,  se-ondly,  to  discover  and  utilise 
the  best  possible  directing  minds  in  our  manufacture:-. 
\s  a  means  to  these  ends  we  must  educate  widely.  We 
wanted  to  see  in  Great  Britain  the  man  of  science  in- 
st  died  in  his  laboratory  in  most  important  manufactories 
and  encouraged  to  help  in  their  developmenls.  Wc 
desired  to  see  in  this  country  what  was  so  ,.!-.  .  v  ,M.-  ... 
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America — namely,  that  almost  everyone  was  a  mechanic 
and  knew  something  of  applied  science,  valuing  it,  as  was 
the  case  in  Germany,  as  the  handmaid  of  commerce 
apart  from  its  inherent  charm.  AVc  wanted  to  obtain  our 
men  at  their  best — when  they  were  young,  but  not  so 
young  as  to  be  without  experience.  Our  object  ought  to 
be  to  turn  out  our  best  men  fully  equipped  in  every  kind 
of  scientific  and  practical  education  at  from  28  to  30 
years  of  age,  and  then  "  to  give  them  their  head."  A 
man  like  this  would  know  when  to  discard  obsolete 
methods,  to  get  rid  of  wasteful  machmery  and  still  more 
wasteful  hand  or  animal  labour,  and  to  march  with  the 
time—to  walk  with  certainty  and  not  haphazard. 

TECHNICAL  EDUCATION  NOT  TO  BE  TOO  EARLY. 

He  proceeded  to  suggest  that  our  present 
methods  required  amendment,  and,  criticising 
the  education  afforded  at  pubHc  schools,  said 
he  hoped  he  should  not  be  thought  to  suggest 


that  some  training  in  Latin  or  Greek  was  of  no 
value. 

He  thought  quite  differently.  But  why  drive  every 
one  along  the  same  road,  and  why  spend  seven  or  eight 
years  of  a  most  receptive  time  of  life  in  the  impossible 
task  of  trying  to  make  every  one  a  classical  scholar  r 
Sureh',  out  of  the  seven  or  eight  years  of  public  school 
life  mental  training  could  be  given  in  the  scientific  and 
structural  study  of  foreign  modern  languages,  which 
should  also  be,  of  course,  taught  colloquially.  If  the 
e.xaggerated  time  given  to  dead  languages  were  saved. 
there  would  be  no  difficulty  in  teaching  geography  of  all 
kinds,  some  history,  and  applied  mathematics,  and  at 
least  one  science,  in  a  reasonably  efticient  way  .... 
But,  leaving  the  subject  of  our  public  schools  and  without 
discussing  the  curricula  of  the  old  Universities,  we  found, 
as  in  primary  education,  that  in  this  country  we  began 
and  finished  technical  education  at, an  age  which  seemed 
to  him  too  early. 


COMING    EVENTS:     FEBRUARY-MARCH,    1903. 


February. 

2nd. — Society  of  Engineers  :  Ordinary  Meeting  at 
7.30  p.m. — Meeting  :  Institution  of  Marine  Engineers. 

3rd. — Institution  of  Civil  Engineers  :  Paper,  at  8  p.m. — 
Royal  School  of  Mines  :  Old  Students'  30th  .Annual 
Dinner,  Hotel  Cecil,  at  7  p.m. 

4th. — Society  ol  Arts:  I'aper— "  The  Port  of  London," 
by  Dr.  B.  \\^  Ginsburg,  at  <S  p.m. 

5th. — Civil  and  Mechanical  Engineers'  Societv  :  Paper 
by  Mr.  Alphonse  Steiger,  M.Inst.C.E.— "  .\  Description 
of  a  F'ew  of  the  Most  Recent  Water  Turbine  Plants  in 
Great  Britain  and  Abroad,"  Ca.xton  Hall,  Westminster, 
at  <S  p.m. 

6th. — Institution  of  junior  Engineers:  P.ipc. ,  bv  Mr. 
W.  Garnet  Wernham— '' Calorimetiv,"  Westniinstcr 
Palace  Hotel,  at  8  p.m. 

7th. — Birmingham  .Association  of  Mechanical  Engineers  : 
Paper,  by  Mv.  F.  Cockayne— "  Softening  and  Purifica- 
tion of  Eeed  Water  for  Boilers  "-  North-East  Coast 
Institution  of  Engineers  and  Shipbuilders  :  Graduates' 
Meeting,  SLuiderland. 

9th. — Institution  of  Mechanical  Engineers  :  Ciraduates 
Meeting— Nurth-Ea^t  Coast  Institution  of  Engineers 
and  Shipbuilders  :  Council  Meeting,  Newcastle- 
Institution  of  Marine  Engineers  meet. 

10th. — Institution  of  Civil  Engineers  :  Paper,  at  8  p.m. 

11th. —  Liverpool  Engineering  Society:  I'aper — "Notes 
<in  I'rogre.-s  of  Hydraulic  Power  Supplies,"  by  Mr. 
K.  j.  Haswell,  M.I.Mech.E. 

12th.— Institution  of  Electrical  Engineers,  meet  at  S  p.m. 

13th.  — Institution  of  Civil  ICngineers  :  Paper  for  Students 
at  8  p.m. 

14th.— Manchester  .\:;soeiatinn  of  Engineers  :  47th  .Anni- 
versary Dinner  at  7  p.m.— Birmingham  Associati(jn  of 
Mechanical  Engineers  :  Animal  Dinner— lnstituti.jn  of 
Junior  Engineers  :  18th  Anniversary  Dinner,  Victori:i 
Hall,  Hotel  Cecil,  at  7  p.m.— North  of  England  Insti- 
tute of  Mining  and  Mechanical  Engineers  :  General 
Meeting  at  2  p.m.  ;  Council  Meeting  at  I.30  p.m. 


16th. — Institution  of  ^Lirine  Engineers  meet. 
17th. — Institution  of  Civil  FJngineers  :  Paper,  at  8  p.m. 
19th.  — Institution  of  Mining  and  Metallurgv  meet. 
20th. — Institution    of    Mechanical    Engineeis  :     .Annual 

General  Meeting. 
21st — North-East    Coast    Institution    of    Engineers   and 

Shipbuilders  :  (ieneral  Meeting,  West  Hartlepool. 
23rd- — Institution  of  Marine  Engineers  meet. 
24'th. — Institution  of  Civil  Engineers  :  Paper,  at  8  p.m. 
25th- — Liverpool      Engineering      Societv:       Paper  — 

"  Temporary    Dams,"    by    Mr.     Geo.    Cecil     Kenvon, 

Assoc.M.Am.SoL.C.E. 
26th-— Institution  of  Electrical  Engineers  :  Meeting. 
27th.  -Institution  of  Civil  Engineers  :  Students'  Meeting 

at  8  p.m. 
28th- — Manchester  .Association  of  Engineers  :  Paper,  bv 

Mr.  JaniL-s  .Atkinson,  of   Manchester,  on  "Gas  Engines 

with    Recent    Developments,"    .it    7    p.m. — North-East 

Coast    Inst  tutiou     of     Engineers    and     Shipbuilders: 

Ch-,uluales'  .Meeting,  Newcastle. 

March. 

2nd-— Society  of  Arts:  Paper— "  Hert/ian  Wave  Tele- 
graphy in  Theory  and  in  Practice '' (first  lecture),  by 
Prof.  J.  -A.  Fleming,  M.. A. —Society  of  Engineers  : 
Ordinary  Meeting  at  7.30  p.m.— Institution  of  Marine 
Engineers  meet. 

3pd.— Institution  ol  Civil  Engineers  :   Paper,  at  8  p.m. 

5th.— Institution  of  Civil  and  Mechanical  Engineers  : 
Paper  "The  Pioduction  of  Power  by  Means  of  Gas 
Produceis  and  Engines,"  by  Mr.  R.  W.  A.  Brewer. 
A. M.Inst.C.E.,  ;it  8  p.m. 

6th-  -Institution  of  Junior  Engineers:  Paper — "Piac- 
tical  Notes  on  the  t'se  and  .Mainten:uice  of  Electric 
.Motors  for  K.ictory  Purposes,"  by  Mr.  W.  T.  George, 
at  8  p.m. 

7th.— Birmingham  .Vssociation  of  Mechanical  Engineers  : 
Paper—"  The  -Mechanical  Engineering  of  Modern 
Collieries,"  bv  Mr.  W.  BiuTlitt. 


50nE  BOOKS  OF  THE   nONTH. 


"AN   INTRODUCTION    TO   CELESTIAL 

MECHANICS." 
By  F.  R.  Moulton,   Ph.D.,   Instructor  in  Astro- 
nomy in  the  University  of  Chicago.     New 
•  York:  The  Macmillan  Company.    London  : 
Macmillan  and  Co.,  Ltd.     384  pp.     145.  net. 

THIS  scholarly  work  is  the  outcome  of  a 
course  of  lectures  delivered  annually  by 
the  author  during  the  last  six  years  at  the 
University  of  Chicago,  and  will  be  found  of  the 
utmost  use  to  those  who  desire  to  become 
familiar  with  the  processes  by  which  astronomers 
interpret  and  predict  celestial  phenomena. 
Starting  with  fundamental  principles  and  defini- 
tions, Mr.  Moulton,  in  steps  of  progressive  diffi- 
culty, proceeds  to  dissertations  on  rectilinear 
motion,  central  forces,  the  potential  and  attrac- 
tion of  bodies,  the  problem  of  two  bodies,  the 
general  integrals  of  the  problem  of  n  bodies, 
the  problem  of  three  bodies,  perturbations,  and 
the  determination  of  the  elements  of  parabolic 
and  elliptical  orbits.  The  problems  throughout 
are  clearly  stated,  and  the  student  will  find 
many  valuable  references  which  serve  as  a  key 
to  further  reading  on  this  somewhat  abstruse 
subject. 

"FOWLERS  MECHANICAL  ENGINEER'S  POCKET- 
BOOK  FOR  1903." 

Edited  by  William  H.  Fowler,  Wh.Sc, 
M.  Inst.C.E.  Scientific  Publishing  Co., 
Manchester.     441  pp.     2s.  6d. 

A  HANDY  book  of  reference,  which  is 
designed  principally  for  the  use  of  the 
mechanical  engineer.  It  presents  a  vast  number 
of  useful  facts  and  figures,  carefully  indexed, 
revised  and  brought  up  to  date  year  by  year. 
The  present  issue  includes  many  new  tables 
calculated  to  help  the  engineer  in  his  daily 
work  ;  while  substantial  additions  have  been 
made  to  the  sections  relating  to  steam  boilers 
and  engines,  which  embody  the  latest  informa- 
tion available  respecting  recent  developments 
in  connection  with  superheating,  oil  burning 
water-tube  boilers,  etc. 


"  THE    COLLIERY    MANAGER'S    POCKET    BOOK 
ALMANAC,  AND  DIARY  FOR  THE  YEAR  1903": 

Being  the  Tliirty-Fourth  Year  of  Publication. 
Edited  by  Professor  K.  A.  S.  Red  may  ne, 
M.Sc,  M.Inst.M.E.,  F'.G.S.,  of  the  Min- 
ing Department,  Birmingham  University. 
Colliery  Guardian  Company,  Ltd.  Cloth, 
2s.  ;  roan  gilt,  3s.  ;  russia  leather,  4s. 

THE  colliery  manager  or  oflicial  who  be- 
comes familiar  with  the  pages  of  this 
useful  compilation,  carrying  it  in  his  pocket  for 
daily  reference,  will  be  well  repaid  for  the 
trouble.  Facts,  tables,  and  statistics  abound, 
and  the  following  headings  of  sections  will 
show  the  wide  field  covered  :  Chief  Events  of 
the  Year,  Coal  Cutting  by  Machinery,  The 
Coalfields  of  the  United  Kingdom,  Mineral 
Statistics,  Mining  Institutes,  Inspectors,  The 
Examinations,  Coal,  Strength  of  Materials, 
Machinery,  Ventilation,  Valuation,  and  Sur- 
veying.   

"AN  INTRODUCTION  TO  THE  STUDY  OF 
METALLURGY." 

By  Sir  W.  C.  Roberts- Austen,  K.C.B.,  D.Sc, 
F.R.S.  Fifth  edition,  revised  and  en- 
larged. Charles  Ciriffin  and  Co.,  Ltd. 
516  pp.      i8s. 

THIS  well-known  treatise  now  make  its  re- 
appearance in  a  fifth  edition,  thoroughly 
revised  and  with  considerable  additions.  The 
metallurgical  student  who  opens  the  volume  for 
the  first  time  is  confronted  with  a  prospect  that 
is  at  once  attractive  and  fascinating.  The  usual 
sections  devoted  to  specific  metals  are  absent, 
and  minute  descriptions  of  processes  are  avoided 
in  favour  of  typical  appliances  considered  in 
relation  to  groups  of  metals.  The  work  has 
also  the  advantage  of  great  liberality  in  the 
matter  of  illustration,  and  includes  a  series  of 
excellent  plates  showing  micro-sections  of 
different  varieties  of  steel.  More  advanced 
students  can  read  this  volume  with  interest  and 
advantage,  and  a  complete  index  renders  it 
useful  as  a  work  of  reference. 


(Owi'nii  to  pressure  upo/i  uitr  space  a  number  of  Rerieics  are  held  over  until  next  month.) 
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CATALOGUES  AND  TRADE  PUBLICATIONS. 


The  Hunslct  Engine  Company,  Ltd.,  Hunslet  Engine 
Works,  Leeds- — Catalogue  of  Locomotives,  1903. — 
Although  merely  described  as  a  catalogue,  this  hand- 
some volume  of  256  pages,  bound  artistically  in  red 
leather,  presents  a  complete  synopsis  of  English  loco- 
motive practice.  Every  right  hand  page  has  a  half- 
tone illustration,  and  the  accompanying  details  are  so 
carefully  tabulated  that  a  comparison  between  the 
different  types  of  engines  can  be  made  with  the 
greatest  ease.  From  the  introduction  we  learn  that 
the  company  have  re-organized  the  motive  power 
employed  in  the  works,  which  are  now  entirely 
equipped  with  electrical  plant  of  the  latest  type,  so  that 
they  are  most  favourably  placed  for  dealing  with  the 
production  of  their  specialities,  viz.  :  Tank  locomotives 
up  to  40  tons  empty  weight,  and  tlie  lighter  class  of 
tender  engine.  At  these  works  are  manufactured 
locomotives  for  every  variety  of  purpose  and  gauge. 
The  catalogue  is  divided  into  the  following  sections  : 
(1)  English  standard  and  broad  gauges  ;  (2)  narrow 
gauges  ;  (3)  Bogie  engines  ;  (4)  locomotive  tender 
engines.  At  the  end  of  the  volume  will  be  found  some 
useful  notes  on  Tractive  Force,  memoranda,  and 
indexes. 

Greenwood  and  Batlcy,  Ltd.,  Leeds.^Three  illustrated 
catalogues  of  excellent  design  treating  exhaustively  of 
the  firm's  specialities  in  machine  tools,  oil  mill 
machinery,  and  the  De  Laval  patent  steam  turbine. 
A  well  printed  book  of  300  pages  covers  the  first-named, 
and  includes  all  kinds  of  milling  and  planing  machines, 
lathes,  hammers,  etc.  ;  while  not  less  than  149  pages 
and  cover,  comprising  another  book  of  equal  merit, 
are  devoted  to  the  various  kinds  of  oil  mill  machinery 
manufactured  by  the  firm.  An  album  containing  some 
70  plates  of  large  size  with  full-page  half-tone  blocks  of 
the  best  make,  portrays  to  great  advantage  the  works 
(with  exterior  and  interior  views),  and  manufactures  of 
the  English  De  Laval  Steam  Turbine  Co.,  Ltd.,  of 
Leeds,  of  which  Messrs.  Greenwood  and  Batley  are 
the  patentees  for  Great  Britain  and  Ireland,  the  British 
Colonies  and  Dependencies,  Egypt,  China  and 
Japan.  Their  specialities  include  steam  turbine 
motors,  dynamos,  pumps,  blowers  and  ventilators, 
rotary  lire  engines,  locomotive  and  train  lighting 
equipments,  marine  light-generating  sets,  etc. 

Lancaster  and  Tonge,  Ltd.,  of  Pendleton,  Manchester. — 
A  "  Slate  Catalogue  '"  of  original  design,  comprising  a 
unii-iue  cover  printed  to  represent  an  ordinary  slate 
with  frame,  and  sixteen  pages  descriptive  of  the 
"  Lancaster  "  patent  steam  traps,  pistons,  piston 
rings,  packings,  blocks,  coils,  valves,  etc.,  with  prices. 
Four  pages  are  devoted  to  an  illustrated  description  of 
the  "  Lancaster "  patent  steam  dryer,  which  is  an 
apparatus  for  separating  water  from  steam,  embodying 
both  accepted  methods — i.e.,  centrifugal  force  and 
gravity.  This  steam  dryer,  when  combined  with 
stop  valve,  takes  the  place  of  the  starting  valve  on  an 
engine. 

Edward  G.  Herbert,  Ltd.,  Cornbrook  Park  Works, 
Manchester. — "Labour  Saving  Tools." — A  series  of 
leallets  illustrating  and  describing  a  selection  of 
machine  tools.    One  of  the  most  important  is  a  ijuick 


cutting  eccentric  sawing  machine  (Herbert's  Patent) 
This  machine  embodies  a  new  principle,  which  it  is 
claimed,  renders  the  hack  saw  for  the  first  time 
applicable  for  heavy  work,  and  can  be  used  for  girders 
and  bars  up  to  20  in.  by  12  in.  Other  specialities  are 
an  automatic  cutting-up  machine,  which  cuts  up  bars 
or  pipes  into  pieces  of  uniform  length  "  without  any 
attention";  a  vertical  sawing  machine,  which  can  be 
used  for  a  variety  of  work  not  possible  on  an  ordinary 
hacksaw.  A  "Radial  Slot"  Face  Plate  Dog,  which 
has  the  advantage  of  converting  an  ordinary  lathe 
into  a  powerful  chuck  "  at  very  low  cost "  ;  an  im- 
proved "  Rapid"  Centring  Tool  ;  a  Reversible  Machine 
Vice,  etc.,  etc.  An  Exhaust  Head  (P'letcher's  Patent) 
calls  for  special  mention  if  only  by  reason  of  its  novel 
design.  It  is  so  constructed  that,  being  open  to  the 
atmosphere,  both  top  and  bottom,  it  is  not  possible  for 
the  Head  to  set  up  back  pressure.  Its  discharge,  which 
consists  of  dry  steam  only,  is  practically  noiseless,  and 
the  ejection  of  oil  and  water  is  prevented.  Other 
advantages  arc  also  claimed  for  this  Exhaust  Head. 

Messrs.  Blake  and  Knowles,  Steam  Pump  Works,  Ltd.* 
London. — This  well-known  firm  have  just  issued 
three  catalogues— a  "  General  "  and  two  "  Special." 
The  first  named  is  a  well-designed  little  booklet  of  134 
pages,  and  cover,  profusely  illustrated,  and,  as  its  name 
implies,  deals  in  a  general  way  with  the  many  speciali- 
ties in  Pumping  Machinery  which  are  supplied  by 
this  firm.  In  addition  the  book  contains  some  useful 
information  on  the  weights  and  comparative  value  of 
wood  fuel,  the  duty  of  steam  engines,  the  weights  and 
capacities  of  various  standards  of  oil,  etc.  ;  also  an 
index  of  code  words  and  a  general  telegraphic  code 
which  foreign  correspondents  will  find  very  useful. 
No.  1  "Special"  deals  with  power  pumps,  air  com- 
pressors, water-works  pumping  engines,  condensing 
apparatus,  boiler  feed,  fire,  hydraulic,  and  light 
service  pumps,  also  pumps  of  special  metals  for 
handling  acids  and  gases  of  every  kind.  The  following 
short  quotation  from  the  introduction  is  interest- 
ing :  "  While  the  fact  that  we  manufacture  every 
variety  of  pumping  machinery,  whether  for  operation 
by  steam,  air,  hydraulic,  electric,  or  any  other  power, 
is,  in  itself,  suflicient  to  show  that  our  position  is  un- 
prejudiced, there  are  certain  elementary  advantages  in 
favour  of  electrical  operation,  as  compared  with  oMier 
methods,  which  must  always  have  great  weight,  unless 
counterbalanced  by  economical  considerations  due  to 
special  circumstances."  No.  2  "  Special  "  catalogue 
contains  a  series  of  general  specifications  of  the 
"  Blake  Duplex  Corliss  Air  Compressor,"  in  various 
styles  and  types.  This  machine,  we  are  informed,  is 
specially  adapted  for  use  in  dye  works,  pulp  and  paper 
mills,  etc.,  for  exhausting  air  and  vapours. 

Fairbank  Brearley,  Central  Engine  Works,  Shipley, 
Yorks.  A  revised  edition  of  this  firm's  catalogue  is 
just  to  hand.  It  comprises  an  illustrated  booklet  of  24 
pages  and  cover,  describing  the  various  types  of  hori- 
zontal, tandem  and  coupled,  compound  and  vertical 
steam  engines.  A  very  useful  adjunct  to  this  catalogue 
is  ])rovided  in  the  many  specifications  of  measurements, 
etc.,  dealing  with  each  particular  class  of  engine. 
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Miscellaneous 
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Incandescent     Lamps 


OVER 

TWENTY 

YEARS' 

EXPERIENCE 


QUALITY 

and 

PRICE 

RIGHT 


SEND    FOR    PRICE    LIST    TO 


The   Brush   Electrical       I'TT^^^^^ 

Belvedere    Road 


Engineering   Co   Ld 


LONDON   S  E 

(South  End  of  Charing  Cross  Footbridee  ' 


■^ 


HADFIELD'S  o^m  LAY-OUTS 


OF    EVERY    SIZE     AND     DESCRIPTION 


HADFIELD'S  PATENT  MANGANESE  STEEL 

IS    THE    BEST    MATI 

TRAMWAY  TRACK  WORK. 


IS    THE    BEST    MATERIAL    FOR 


TRAMWAY  POINTS  &  CROSSINGS 
TRAMWAY  WHEELS  &  AXLES 


TIE-BARS,  Etc.,  Etc. 

HADFIELD'8sT..-o.-N»rc5aTo.8HEFFIELD. 


Engines 


Galloway  s"p'^e".  ENGINES 


1901    DESIGN. 


FOR    .    . 


Electric  Lighting, 
Traction,  and 
Mill  Driving. 


SPECIAL    FEATURES. 

Extreme  Steadiness. 
Perfect  Governing;. 
Extra  Strong  Throug:hout. 
Guaranteed  Highest  Economy. 


Material  and   Workmanship 

the    Best. 
Self  =  Lubrication  with  Water= 

Cooled   Chambers. 


QUICK     DELIVERY.  SEVERAL    SIZES    APPROACHING    COMPLETION. 


GALLOWAYS  Limited, 


IVIANCHESTER. 
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|SiiWH» 


~» -r-r- 


Engines 


John  Fowler  &  Co. 


(LEEDS) 


LIMITED. 


Electrical    and    General 
Engineers. 


Steam   Plough  Works  : 

LEEDS. 


Fowler's  Road  Locomotive.  DeslKnnl  fi)r  all  Klni!->  of  Stean> 
Haulai!'--.  and  is  also  available  for  trmp«)r.tr)  belt  drivlni!. 
Three  sires  of  this  KnKinr  .ire  sl.iiul.nrdlic-il.  and  cnipl.jycd 
approximately  for  20,  30,  and  -iO  Ion  loads.  ,\  special  hc-.»vy 
EnKine  is  also  made  equal  to  a  load  of  50  tons,  and  called 
the  •■  Lion  "  type.  The  Engine  was  thus  named  by  thr 
War  Office  Authorities,  who  employed  a  number  of  tl. rm 
In   the  South  African   Campaign. 
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PATENT      ^       ^ 
PRESSED  STEEL 


Rolling  Stock,  &c. 


ROLLING    STOCK 


Greatest  Capacity 
and  Strength. 


(SUITABLE     FOR    ANY    GAUGE.) 

Smallest  Number  Therefore  Minimum  Cost 

of  Maintenance. 


Write  for  Further 
Particulars. 


10  ton  All  Steel  B.vuicC-.il  \V,i 


T.irc-  Wcii^ht.  12  foils  K)  cu-t.    As  supplied  tu  Ctledoiiiaii  1 


THE  LEEDS   FORGE  COMPANY,  Ltd.,  LEEDS. 

Agents:    MESSRS.    TAITE    &    CARLTON,    63,    Queen    Victoria   Street,    E.C. 


THE    THORNYCROFT    STEAM    WAGON    CO.,    L^^ 


MaRers    of    all    kinds     of    Steam     Vehicles    for 

Commercial     Purposes,    Lorries,    Vans,     Drays, 

Municipal  Tipping  Dust  Vans  &  Water  Wagons. 

Loads  from   1  ton  to  7  tons. 


ALL    HIGHEST   AWARDS    ShN'CE    1898. 

TWO  MORE  GOLD  MEDALS  AT   LIVERPOOL 

TRIALS,  1901. 

AWARDED  FIRST  PRIZE  (£500)  IN  WAR    OFFICE 

COMPETITION  OF  MOTOR  LORRIES. 


London  Office  : 

HOMEFIELD,    CHISWICK.    W. 

WorKs  : 

BASINGSTOKE,  HANTS. 


«'    SLOVER'S   ,/v    ,„    f  ATENTS»» 


piREWooD         Machinery    y. 


Firewood  Machinery 

DOES  THE  WORK  OF  FROM  1 2  TO  SO  MEN. 
The  saving  in  wages  alone  means 

A  LARGE  ANNUAL  INCOME. 

A 

K.   TTXTT   A  T    »»  SAW     GUARDS. 

ILIr^/A-L       HIGH=CLASS     BENCHES. 
Eminently  Superior.  Admitted  Best. 

SAW    SHARPENING    MACHINES. 

Universally  Appreciated. 

I    M.  GLOVERyC^^^lnSr"  Leeds. 


"*  BRASS    e<'»-^^ 

AOIO 


Rolling  Stock 


W.  R.  RENSHAW  &  CO., 


MANUFACTURERS    OF 


LIMITED. 


Railway  Wagons,  Railway  Carriages.  Railway  Ironwork. 


Railway 
Wheels  cS 
Axles 

of  every  kind. 

SPECIAL 
ATTENTION 
GIVEN    TO 
ROLLING 
STOCK    FOR 
SHIPMENT. 


Telegrams : 
'•  Renshaws.  Stoke- 
on  Trent. 
"Opifieer,  London,' 

Telephones  : 
58  Potteries. 
16  Avenue,  London. 


We  have  special 
modern  plant  for 
the  quicK  produc- 
tion of  .  .  . 

All=Steel 
High 
Capacity 
Wagons. 


bl.iiuian.1  lu-U'U  \\'<jud  1  i.... 


Phanix    WorKs,    STOKE=ON=TRENT. 

London   Offica  :    46,    King   William   Street,    E.C. 


Transportation  Development  Co.,  I^ 

Sole  Agents  for  PRESSED  STEEL  CAR  COMPANY, 


PITTSBURG,  PA., 
U.S.A. 


20,    Broad   Street    House, 

LONDON,   E.C. 


manufacturers  of  .  . 

PRESSED    STEEL 

WAGONS, 

WOODEN  WAGONS 

WITH    STEEL 

UNDERFRAMING, 

PRESSED  STEEL 

BODY  BOLSTERS. 

BOGIE    BOLSTERS, 

WAGON    BOGIES. 

TENDER  BOGIES 

BRAKE   BEAMS. 

AND  OTHER 
PRESSED  STEEL 
'  -  SPECIALTIES. 


Type  of  BoKie  UoLster  used  v\ith  Pressed  .Stiel  Uiamond  Hogies. 


Cranes 


JOSEPH  BOOTH  &  Bai 


LTD., 


RODLEY. 


IO=ton  Steam  Goliath  Crane  at  the  new  L.  6  N.  W.  Railway  Goods  Yard,  Sheffield, 
nd  also  supplied  to  Midland,  Lancashire  Cs  Yorkshire,  and  Great  Western  Rys.,  6c. 


For 

Lifting 
Machinery, 


Cranes,  Winding  Engines, 
Overhead  Travellers  of 
Every  Description,  Driven 
by  Steam,  Electricity,  or 
Hydraulic  Power. 

London  Agents  : 

A.  E.  W.  QWYN,   Ltd., 
75a,  Queen   Victoria   St.,    E.G. 

Agents   for  Scotland  : 

THOMAS  HILL  &  CO., 

66    and    68,     Robertson    St., 

Glasgow. 


Telegrams',. 


'•CRANES,  RODLEY." 
•'ASUNDER,  LONDON." 
"SPECIFY,  GLASaOW." 


As  supplied  to  Crown  Agents  for'ihe  Colonies' and  Government  Departments. 
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Miscellaneous 


THE  HUNSLET  ENGINE  CO 

LEEDS. 


LTD., 


1HI| 


15  -*-^   ^j^.-'^^^li***'- 


MANUFACTURERS     OF 


TANK   ENGINES 
Of  all  Descriptions. 


special  Designs  Prepared. 


releiiranis  :  "  Enijine,   Leeds 


Telephone  ;  ■^-S. 


J.  P.  Hall  &  Sons, 

Ltd., 

PETERBOROUGH. 


We  make   a  SPECIAL  Compound 
Direct  Acting  Slow  Running 

Boiler  Feed 
Pump 

ECONOMICAL  AND  EFFICIENT. 

We  deliver  100  lbs.  ot  Water  for 
the  expenditure  of  1  lb.  of  Steaq. 
Tl^is  with  our  2,000  gallon  Pump, 
and  a  much  higher  efficiency  as 
the  size  of  the  Pump  ir^oreases. 

AN     IDEAL     PUMP     FOR     GENERAL 
BOILER    FEEDING    PURPOSES. 

Apply  tor   Particulars. 


MELLOWES  &  cos 


PATENT 

'ECLIPSE" 

ROOF 

GLAZING 


DROP 
DRY 
DU3T 
PROOF. 

NO 

MAINTENANCE 

NECESSARY. 


SHEFPIELD   (Works). 
LONDON  :  28,   Victoria  St., 

Westminster. 


No.   <>   liar 
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Miscellaneous 


FOR     ANY     SIZE     OR     TYPE     OF 

U  R  B  I  N 

OR      PELTON      WHEEL 


)ly  to:— 

i,  GILK 


6c  OO.,  LTD. 


THE 


ii 


DRUM 


9f 


PUMP. 

JOHNSON'S         PATENTS 


KENDAL. 


^^M^K^^P>'^. 


c    9. 


3      u     9. 


-  s 

^    2. 

3       , 


J   :S 


^    'L'i 
2    w    ^ 


POSITIVE     ACTION. 

NO     VALVES. 
HIGH      EFFICIENCY. 


BENNETT  VON  DER  HEYDE,  6,  Brown  St.,  MANCHESTER.  | 


,L 
NDS 


GEARING 


^      Machine-Cut 


Upon    20th    Century 
lines. 

No     guess    worK     or 
rule  of  thumb. 

Utmost    Possible    Accuracy 

Obtainable  by    Modern  Fine 

Tools,      at     a      reasonable 

price,  too. 

Quick    Delivery. 

You     can     prove     this    for 

yourself  if  you  wish  by 

writing. 


i:.    ARNOLD    POCHIN, 

Croff    Street,    Pendleton, 

MANCHESTER. 


SECIIOX    (II'    ■■  DKTM  "    IMMl'. 


DRUM 
ENGINEERING  CO., 

27,  Charles  St., 

BRADFORD. 


9JS 


"GUNTHER" 

TURBINES 

WITH  VERTICAL  OR 
HORIZONTAL    SHAFTS. 
^  SPECIAL 

HIGH  PRESSURE 
TURBINES   &   ACCURATE 
HYDRAULIC  GOVERNORS 
for  Electric  Plants. 
PELTON  WHEELS. 


W.  Gunther  &  Sons, 

Central   Works, 
OLDHAM,   ENGLAND. 


HENRY     CROWTHER, 

M     M     CIcckheaton,  YORKS. 


Telegrams:  "  Crowther,  Cleckheatoa. 


ABC  Code  used. 


. .  Wrought . . 


HENRY   CROWTHER 


56=page  Catalogue,  beautifully  illus= 
trated,  post  free  on  application. 

£>      O      C3      0 


PRICES  LOW. 


Send  for  Listand 
Discounts  free. 

QUALITY  HIGH. 
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Turbines,  &c. 


THE 


Wheeler  Condenser 


AND 


Engineering  Co. 


179,  Queen  Victoria  Street, 
LONDON. 


The  most  compact,  durable,  and  efficient  Cooling 

To^ver  Manufactured.  r 

Maximum     reduction     with     minimum     loss     by 
evaporation. 


90,000  h.p.  operating  in  Great  Britain. 
25,000  h.p.  in  process  of  construction. 


S.  HOWES, 


Hydraulic     {3     Milling     Engineer, 

64,  MarK  Lane, 
LONDON,    England. 


^i^i*it'(iii*t^i^' 


"Eureka     Water    Motors,    and 

Pellon  Wheels. 
"Eureka"  Grain.  Seed.    CoHce, 

RiceandTea  Cleaning. Grading 

and  HulllnR  Machinery. 
Portable  and  Stationary  Forges, 

Electric   Fans,    Crane >  tor  all 

purposes. 
Corn    and    Starch     Machinery. 

Windmills  and  Pumps. 


ii 


LITTLE  GIANT    TURBINES  rr'v^ESJVTSkL 


Our    New   Catalogue    on    Application. 


HmS 


Pumps 


PUMPS! 


ELECTRICALLY 
DRIVEN. 


MARINE    PUMPS, 
BOILER    FEED     PUMPS, 
CENTRIFUGAL    PUMPS, 
CIRCULATING     PUMPS. 


BOILER     FEED     PUMP     DELIVERING     1,200     GALS.      PER     HOUR. 


CROMPTON  &Co.,  Ltd., 


ARC    WORKS,    CHELMSFORD, 

SALISBURY    HOUSE,    LONDON    WALL,    B.C. 


Telegrams : 
Cromptoa,  Loadoa.  " 
CromptOB,  Chelmsford. 

(30J 


Telephones : 
1959  London  Wall    National). 
4  735  Central  {Postl  Office). 
Chelmsford    So,  2 
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Pumps,  &c. 


TAIMGVES 


14  X  8  X  12  in.  "Special"  Pump. 


STEAM    PUMPS 


.    .    FOR    ALL    DUTIES, 

"SRECIAL"      DURLEX 
FLY-\A/HEEL,    6cc., 

ALSO      .       .       . 

Centrifugal   Pumps,     Treble  -  Ram    Pumps,   etc. 

Electrically  Driven  Pumps 

A     SPECIALTY. 


TANGYES 


CORNWALL    WORKS, 


Birmingham. 


BRANCHES     AT  LIMITED, 

London,   Newcastle,    Manchester,    Glasgow,   Cardiff,    Rotterdam,    Bilbao,   Johannesburg. 


TD., 


W.  SUMMERSCALES  &  SONS,  L 

.     .     Engineers     .     . 

Phoenix  Foundry,  KEIGHLEY, 


England. 


LAUNDRY 
MACHINERY 

COOKING 
APPARATUS 


Catalo.tjues  and   all    particulars  free 
on  application. 
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Destructors 


DESTRUCTORS  I 


The  Improved  Patent 

HORSFALL 

REFUSE  DESTRUCTOR 


FOR    .    .    . 

Perfect  Absence  of  Nuisance. 

Lowest  Cost  of  Labour  &  Maintenance. 

Maximum  Steam  Raising  Capacity. 


T\VKL\K-Li;].L    I'LANT    KKKCTEl)    AT    Hl'LL. 

These  Destructors    embody    many    special  features  which   arc   not  to  be  found  in 
any  other  Destructor.        SIXTY   PLANTS   in  active    operation,   burning 
over  3,000  tons   of   Refuse  per   day. 

The  Horsfall  Destructor  Co., 


LORD    ST.    WORKS,    WHITEHALL    ROAD, 

London  OfTice  :— 

19,    OLD    QUEEN    STREET,    WESTMINSTER,    S.W. 


LT"1>., 


|p********y*vv^***1r*****1p***^**i^ 
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lrk®/^iDffl: 


-jf t-irr- 


Gas   Producers 


U 3^ 


PRODUCERS 


FOR    HEAT    OR    POWER. 
OVER  2,000  IN   DAILY  USE. 

SEND    FOR    PARTICULARS. 


Duff  Patent  Gas  Producers 
in  course  of  construction 
for  Messrs.  The  Bengal  iron 
and  Steel  Co.,  Ltd.,  Calcutta. 


MASON,  Ltd., 


ENGINEERS. 
MANCHESTER,    England. 
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Destructors,  &c. 


IF  YOU  WANT  THE  MOST  EFFICIENT 


STOKER 


Coking  or  Sprinkling  Type 


WRITE    TO 


MELDRUMS 


ATLANTIC 
,      WORKS, 


Manchester 


For     Lists     and     Testimonials. 

London  OFFICE:  66,  VICTORIA  STREET,  WESTMINSTER, 


CHUBB'S  ENGINEERS' SAFE 


FOR    PRESERVING    DRAWINGS,    Etc. 


Chiubb&  Son's 
Lock  and  Safe 
Company, 

LIMITED. 

HEAD     OFFICE: 

128,  Queen  Victoria  Street, 
London,  E.C. 

WORKS: 

London  and  Wolverhampton.  .  . 


Miscellaneous 


MACHINERY  for  ECONOMIC  HANDLING  of  MATERIALS 

THE  BROWN  HOISTING  MACHINERY  COMPANY. 


LONDON  OFFICE: 

39,  VICTORIA  5T.,   S.W. 


MAIN    OFFICE   &   WORKS: 

CLEVELAND,  OHIO,   U.S.A. 


NEW  YORK  OFFICE: 

26,  CORTLANDT  STREET. 


1 


5-ton  ELECTRIC  TRAVELLING  CANTILEVER  CRAN£. 

For  Stocking  and  Loadin.ii  [Material.     Span  :  325  ft. 


The  "Kingston"  Patent  Dredger  <S  Excavator, 


Kingston"  Dredger  and  Grab 

fixed  upon  a  Hopper  Barge  ot  150  tons  capacity, 
having  separate  propelling  engines  and  special 
boiler,  as  supplied  to  the  Spanish  Government. 


Sole  .Manufacturers  and  Patentees —  =^- —   ^J^ 

ROSE,   DOWNS   6  THOMPSON,  Ltd., 


Old   Foundry,  HULL,  and    .    .    •,  ,-,^„,,,. 
...     12.    Mark    Lane.    LONDOV. 


Telegrams  ;  "FLUES,   I,EF,I)S."     Telephone  (National)  1C.71.     Al      A  1!  r  ro(l>;c  used 


Deighton  s  Patent  Flue  & 
Tube  Company,  Ltd. 

DEIGHTON'S    PATENT    FURNACE. 

The  Destructive  Tasli  have  proved  the  DEIGHTON  FURNACE 
to  be  the  strongest  to  resist  osllapse  ewer  tnide. 
It  is  .ilso  unequalled  for  Uniformity  of  Thic\ness  .iiul  liasy Scaling. 

MAKERS    OF    MARINE   and 
LAND  BOILER  FURNACES. 


ASHLIN   1M07   PATENT  WTI  II  HI;  \U  \  la.K    IIKNACE. 


^..r....w.M..,/,.       Vulcan    y^'-^^-.-lT^ 
pjris  Exhibition.  i'>oo.  Pepper    Koad    Le^lUo. 
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Cables,  &c. 


8UDDEDT8CHE  KABELWERKE  A.-G.,  Mannheim, 


SYSTEM    BERTHOUD    BOREL. 


GERlVIAIiJ^V. 


Contractors  to  the  Imperial  German  Postal  Authorities. 


Silk-Covered 
Copper   Wires 

TELEPHONE    CABLES 
LEAD-COVERED  CABLES 

For  all  Tensions  up  to  40x00  volts. 


The  £1  0 

Scotch  &  Irish  Oxygen  Co.,  Ltd., 

ROSEHILL   WORKS,   GLASGOW. 

Valves   for  Cas  Bottles  and  Aerated  Water   Drums    oJp 
in  Bronze,  Steel,  and  Aluminium.  % 

Reducing  Valves,  Keys,    and    all   Fittings  for  Compressed  Gases. 


J.   HALDEN   6   Co., 


8,  ALBERT    SQUARE, 

MANCHESTER. 


3  at  One  Operation. 


Arc  Lamp  Duplex  Radial 

Photo  Copying  Frame 

(^HAW    A\[.    F^ALIiKX    PATENT'. 

Engineer's  Electric  Frame,  very  superior, 
Arc  Lamp  and  Lowering  Gear,  complete 
to  print  from  Two  Tracings,  53  x  31  42   10     o 

Other  sizes  as  per  List  post  free  on  request. 

ADVANTAGES    OF    DUPLEX    RADIAL   PHOTO-COPYING   FRAME. 

A. — Copyin.i;  indoors  at  any  time  where  Electric  Current  is  available. 
B.— The  Krame  when  once  mounted  on  the  Pedestal  remains  there. 
C. — Immunity   I'rom  accident  ensured   by  the   Frame  remaining  on 

the  Pedestal. 
D.     The  horizontal  position  (when  placing  in  ot   taking  out  Tracings 

and  Copies)  is  the  mo>t  convenient  for  Operators. 
E. — Two  full-size  Tracings  can  be  copied  at  one  operation. 
F. — The   glass   plates    can    be    very  easily    cleaned    when     Frame   is 

horizontal. 


Also    at    London,    Newcastle=on=Tyne,     Birmingham,    and    GlasgOMV. 
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Telegrams:  "FILATURE." 
Telephone  :  202,  228. 


Ths  St.  Helens  Cable  Co 


LIMITED. 


WARRINGTON. 


Electrification  of  Railways  can  be  most 
satisfactorily  carried  out  by  the  use  of 
WATERPROOF   DIALITE   CABLES. 

No  corrosion. 

No   electrolysis. 

No    decentralisation   of   conductor. 

Over  FOURTEEN  MILES  in  use  on 
the   Liverpool    Overhead    Railway. 


London  Office:    32,  VICTORIA   STREET, 

Westminster. 


Telegrams:   "  FILATTERIO." 
Telephone:    4270  GERRARD. 


Electrical  Apparatus 


J.I       -^ —IL. 


The    DE    LAVAL    PATENT 

Stearri  Turbines,  Turbine  Dynamos,  Turbine  Pumps  &  Fans. 


Machines  in  Use  3,175.     HP.  88.000. 


Made  from  W  H.P.  lo  300  H.P. 


piM^iSlSi'-rJilj" 

\h  B.H.I'.   IroiKiad  Motor,  attached  to  drill  press. 


Dynamos  &  IVjotors.      liglit  &  Power. 

Greenwood  &  Batley,  Ltd., 


Albion     'Wox>ks,    I^E:e:X>S. 


International  Electrical 
Engineering    Co., 


Clun    House, 
Surrey  Street, 
Strand, 

London, 

w.c. 


Telegrams : 
"CLUNCH,  LONDON'" 

Telephone  No.: 
3227  GERRARD,  LONDON. 


Our  plant  is  in  use  at 

Dundee,  Oban,  Falkirk, 
Glasgow,  Hoyiake,  Hull, 
Erith,  Colne,  Shipley, 
etc. 


Three-phase  Alternators  for  Transmission  of  Power  in  Mamifacturing  Works. 


Electrical  Apparatus 


T.  HARDING   CHURTON  &  CO., 


ATLAS  WORKS 

Ingram  St., 

LEEDS. 


Either   Open   or 
Enclosed. 


London  Office: 

I  RED  LION  COURT, 

Cannon     St.,     E.C. 


AsK    for   New 
Price   Lists. 


Th6  "AiLAh"  Motor 


DYNAMOS    &    MOTORS. 


Telegrams  : 
MAGNET.  LEEDS.' 


Direct=Coupled   Generators. 


Telephone  : 
'}i   CENTRAL. 


iC 


P.D.M. 


19 


PHCENIX    DYNAMO 
MANUFACTURING  CO., 

BRADFORD. 


50  Kilowatt  Three  Bearing  Generator,  500  revs. 
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Electrical  Apparatus 


AligemeineElektricilats-Gesellschaft 

.1.—^^     BERLIN 

Capital  fully  paid  up:  60  000  000  Marks. 

Machine-,  Apparatus-,  Cable- 
and  Incandescent  Lamp-Works 


1 


g        Aw 


3000  K'w.-'rhrec-Phase-DviiaiiKi,  0000  Volt 

Continuous  Current  -^  Threephase  Current 

Electric  Liohting  Plauts.     Electric  Trausuiissiou  of  Power. 

Electric  Railways  and  Tramways.  Electric  Central  Stations. 

Electro-chemical  Plants. 

Agencies  tiirougliout  tlie  World 

Yearly   Output   12  000  Dynamos  and  Motors   equal   to   170  000  000  Watts 
10  000  000  Incamlcsccnt  Lamps. 

XI.    -"' 


Awarded  at  the  Paris  Exhibition  1900:  6  Grands  Prix. 


3 
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Electric   Cranes,  &c 


Electric  Cranes! 


Do     you      want      an       Overhead     Electric      Crane, 

SOUND,   RELIABLE,  and  IN   EVERY   SENSE 
SATISFACTORY  ?    If  so    WRITE  US  ABOUT 

IT,    because    that  is    the    Crane    we    make. 

Thomas  Broadbent  &  Sons, 


HUDDERSFIELD. 


Limited, 


II 


TURNER 


ELECTRIC 

MOTOR 


standard  Sizes  from  h  h<P<  to  40  h.p. 


H      4>      -# 


OPEN  «&.  ENCLOSED  TYPES. 
HIGH    EFFICIENCY. 

SLOW  SPEED. 


*•   *-   *- 


TURNER,  ATHERTON  &  CP  LP  r.rj=!  Denton,  MANCHESTER. 


London  Office 


110,   CANNON    STREET,    E.G. 
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Miscellaneous 


The 


Remington 


Is    the 

Universal    SaVer. 


Typewriter 


It    is    a    Time    SaVer,    a    Labour    SaVer, 

An    Expense    SaVer,    and    a    'Business    'Builder. 


REMINGTON  TYPEWRITER  COMPANY 

(WYCKOFF,   SEAMANS    &.    BENEDICT, 

100,    GRACECHURCH    STREET,     LONDON,    E.G. 

West   End   Branch  :    2b3,    OXFORD    STREET,  W.  And    all    large   Towns. 


W^aygood   &  Otis, 


LTD. 


Electric 
Hydraulic 

Belt   Driven 
Hand  Power 


LIFTS. 
CRANES. 


N^^pS* 


Falmouth    Rd.,    LONDON,    S.E., 

AMI 

4.    QUEEN    VICTORIA    STREET.    E.G. 


THE  NEW    MANIFOLDING 
HAMMOND    TYPEWRITER. 


PERMANENT     ALIGNMENT. 

INTERCHANGEABLE     TYPE. 

DOES     NEATEST     WORK. 


CATALOGUE,  with  full  particulars.  Post  Free  on 
application  to 

THE    HAMIYIOND   TYPEWRITER   CO., 

50,    QUEEN    VICTORIA   STREET,    E.G. 


qo 


Miscellaneous 


HEYWOOD  &  BRIDGE'S 

Improved  Patent 

FRICTION  CLUTCH 


A  Clutch   for  all    Drives 


Hundreds  of   Repeat  Orders. 

Thousands   Working. 

Complete   Clutch   Installation   our   Speciality. 

New  Work,  oo  pages,  Free. 


General  Dmive. 


DAVID  BRIDGE  6  Co., 

Castleton  Iron  Works,  ROCHDALE,  LANCS. 

Lr.nrinii  OtVv  e  :   ^V  IM  i;k\   \'kii>i;i\  Sikkki,   KL. 


The 


it 


MclNNES-DOBBIE 


ij 


PATENT 


Indicators 


DESIQN 

no.  2 

(NCTRUMCNT. 


External 
PRECcuac  Spring  Ty?; 


=  =  for  =  = 

HIGH    &    LOW 
SPEEDS. 

In  two  CVPCS:— 
External  Spring 

and  = 

Enclosed  Spring 

Kach  made  in  several 
Forms  and  Sizes. 


SPECIAL  INDICATORS 
for  Gas  Engines. 


Sole  MaKers  : 


T.S.McInnes6^Co.,Ld., 

INDICATOR    MAKERS    TO    THE   ADMI RALTY , 

41  6  42,  Clyde  Place     =      =     GLASGOW. 

London  Office   113   FENCHURCH   ST    EC 


TRIUMPH 
STOKER 

TRIUMPH  STOKER  L9 

39,  VICTORIA  ST.,  LONDON. 


3Bc5t  morh  rcciuirc5  JBcsMIools. 

The  CORRECT  TOOL  for  WRITING 

/S       UNQUESTIONABLY       THE 

"  SWAN  " 
Fountain    Pen. 

Three  Sizes,  10s.  6d  ,  16s  6d  .  26s. 
All   Prices,  10s   6d.   to  £20. 
MAY  BE  POSTED  TO  ALL  PARTS  OF  THE  WORLD. 


z  o 


SOLD  BY  STATIONERS  EVERYWHERE    COMPLETE  CATALOGUE  FREE. 

Mabie,  Todd  6  Bard.  •"-"-'""« 
93,  Cheapside,  London,  E.G. 

95a,  Regent  St.,  W. ;  3,  Exchange  St.,  Manchester;  and 
37.    Ave.   de  I'Opoia.   Paris. 


'.y' 


Miscellaneous 


JOHN  SWAIN  <S  SON,  Limited, 


PHOTO-ENGRAVERS  IN  HALF-TONE  AND  LINE. 


MACHINERY 
REPRODUCED  IN 
HIGHLY    FINISHED 
STYLE   FOR 
ENGINEERS'  AND 
MANUFACTURERS' 
CATALOGUES. 


WOOD  ENGRAVERS  AND  ART  REPRODUCERS  by  all  the  Latest  Methods.  Three-Colour  Process—a.  Speciality. 

58    FARRINGDON    STREET,    LONDON,    E.G.         ^-*  ^"^?3"a."sfRAND.  wc. 


South  Eastern  6  Chatham  Railway. 

THE    CONTINENT 


Four    Royal     IVIa.il    Rou-fces 


DOVER 
CALAIS. 


FOLKESTONE 
BOULOGNE. 


VIA 


DOVER 
OSTEND. 


QUEENBORO 
FLUSHING. 


LONDON  PARIS    IN     LESS    THAN    SEVEN     HOURS. 

I-,,..    -i:vM-.    i)..:lv   111    K.Kh    I  )il  eel ;.  Ml . 
NEW       EXPRESS       AETER**OON       DIKfING       CJ1.R       SEFCVICE 

]i:iily   iSuml.iy^  iiKludcd  ),  ;  ;.i    !■(  »l.  K  l-.s  K  i\K  ,,iui   liOl'lAHiNE. 


CHARING     CROSS 
PARIS    - 


2. 20         PARIS    - 
9.15  CHARING  CROSS 


4.0 

10.45 


Mail  Route   via  Dover  and   Ostend. 

■|    1       (>■      I     ■..pM-,     .Sll\Al^      iMlly     111       i:,ull      iD'Cill.Mi. 

Flushing   Royal    Mail    Route  to   Germany,  etc. 


Two  Si-rviccs  D.iily  in  K.icli  iJinctiDii. 


For  Full  Particulars  see  S.E.  &  C.R.  Continental  Time  Tables,  price  3d. 


VINCENT  W.   HILL,  General  Manai^er. 


Rmi^M^ 


^~?^ 


Office  Appliances 


WHEN    YOU    SEE 


A  FOREHEAD  LIKE  THIS 


Tell  the  owner  he  can  stra'ghten  out  the  wrinkles 
by  sending  that  old-fashioned  filing  system  of  his 
to  the  scrap-heap  and  installing 

The  Library  Bureau  Numerical  Vertical  System 
of  Filing  Correspondence* 


SIMPLE.  Cne  place  for  each  correspondence. 

COMPACT.  ^  One  number  fcr  each  client. 

ACCESSIBLE.  One  minute  or  less   to  wait  for  all  the 
RELIABLE.  facts  of  the  case. 

As  a  filing  system  It  stands  pre-eminent  to-day. 
YOU  are  invited  to  send  for  complete 
descriptive  booklet  to 

LIBRARY    BUREAU,    LTD., 

10,  Bloomsbury   Street,   LONDON,   W.C. 

Branches  at 

12,  Exchange  Street,  MANCHESTER; 

58,  The  City  Arcades,  BIRMINGHAM;  and 

Union  Buildings,  St.  John  Street,  NEWCASTLE-ON  TYNE. 
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BmMm 


Office  Appliances 


No.  17. 

Top 
Section. 


No   902. 

BooK   and 

Catalogue 

Section. 


No.  220. 

ReDort  and 
Stationery- 
Section. 


No.  1053. 

Combination 
Section. 

Six   Letter 

Files  ; 
Six  5  by  3 
Card   Files. 


No.  100. 

Section. 

Nine  Letter 
Files. 


No.  20. 

Three 

Vertical 

Letter   FilinR 

Drawers. 


No.  12. 

Base  Section 

for 

Transfer 

Cases. 


Another 
Example 


Of    the    ;idaptahility     and     effectiveness    of    thtr 
ROCKWKLI.-WABASH 
EXI'.WSIOX  15L"SIXESS  SYSTEMS. 

"S'oui-  attentiim  is  directed  tliis  month  to 
that  portion  oi  the  ROCKWELI^  -  \VAP..\SH 
P.rsiXI-;SS  SVSTI-:.MS  which  provider  for  the 
cl,i^^ilic,ili(Jii  ami  lihn^  nf  cori-es]-ii>ndenee  in 
tile  niii>t  simple  and  eciiiomical   manner  possilile. 

It  is  cniiceded  tliat  a  perfect  system  of  indexing 
is  one  of  the  cliiel  requisites  of  a  satisfactory 
metliod  of  dealing  with  thi--  \ery  important  part 
of  business  recoi'ds. 

^'ears  of  experience  have  enabled  us  to  reduce 
this  to  an  exact  science,  and  we  can  >afel\' 
guarantee  the  must  satisfactory  I'Csults. 

WE  (H'ARAXTEl-:  :  77hj/'  ij  upon  deh-.'ery  and 
careful  iii.^pidion  ourtlaum  of  superiority  over  any 
iOi/ipe/it7i^-  product  are  not  sustaineif,  or  tiie  ;^oods  fait 
to  ,;7Vv'  the  sati.faetion  to  ivliich  the  purchaser  is 
entitled,  they  may  lie  returned  at  our  expense. 

NOXi';  I'.I  T  THE  VEXDOKS  OF  THE 
15EST  CAX   .\EEOi\'I)  TO   I'RIXT  THIS. 

M        M 
CATALOGUES     FREE. 

ROCKWELL  -  WABASH    CO., 

Limited, 
69.   Milton  Street,  LONDON,  E.C. 


ELLIOTT  D.  ROBBINS, 


Telephone : 
2403  LONDON    WALL 


.47/  may  be  combined  into  One  Cabinet. 


94 


Office  Appliances 


DOSSIER 


F 
I 

L 
E 


TD. 


Catalogue    and    full    particulars   of 

THE  LYLE  CO.,  L 

Card    System    and    Office    Experts, 

Harrison   St.,  Grays   Inn   Road, 

LONDON,    W.C. 

Branch  Office  ; 

CLEVELAND    BLDGS.,    MARKET    ST.,    MANCHESTER. 


lf^@i^DE] 


Office  Appliances 


\2 


v. 


22l 


-18 


CARD  SYSTEM. 


Advcnliscincnt  ck-scripliniis  arc  -ciicrally  vague.  Il  i- 
not  possible  in  a  <m.ill  space  U>  tell  you  ALL  that  the 
words  CARD  SYSTEIVI  mean.  They  may  mean  a 
great  deal  to  YOU,  Init  at  jM-eseiit  v.iu  do  n<'tkno\v  it. 
.Send  lor  our  ■-ixlv  I'.i.ue  descriptive  pamphlet.  It 
explains  the  SYSTEM  clearlv.  and  illustrates  its 
application  to  BUSINESS  PURPOSES  .md 
FACTORY    COST   ACCOUNTS. 


We  are  Anxious  to  Send  this  Pamphlet,  post  free 

Tm    those    wh'.    INTENDED    --cndini;    tor    it    last  month,  but 

FORGOT. 
To  Ihc  NEW   READER. 
To  the  MERELY  CURIOUS. 

To   ANYONE  v.ho   is    INTERESTED,    and    wh^)   will   send  us 
his  n.mu-  and  address  on  a  pii^ti-.ucl. 


LIBRARY  SUPPLY  Co., 


Bridge    House.  181,    Queen    Victoria   Street, 
LONDON,    E.G. 


Cabinet    and   Joinery    Works    AValthamstow,    Essex. 
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Letter  File. 


(sTon 


ES    PATENT-    ENGLISH    MA 


KE.) 


Is  the  BEST,  because  it  is  : 

THE    SIMPLEST. 

and    is    the    ONLY    FRONT    FILING 
System. 

THE    MOST    EFFICIENT. 

Letters  filed  and  found  nione  easily 
than   by  any    other  system. 

THE    CHEAPEST. 

Each    File  is  its  own  Transfer  Case. 
In-peui^m  iiiMied  oi  thi-  .md  oi  oui   many  Other 
Labour-saving  Office  Devices. 

Write  for  our  Illustrated  Catalogue? 


V  PARTRIDGE  &  COOPER.  Ltd.,  ' '  ^  '^"^^"■'^  lane, 


LONDON,  E.C. 


.j6 


^pi5lHS™if 


Addressograph         t 


HAND  ADDRESSING 
OUT  OF   DATE! 


ADDRESSOGRAPH 


ONE    BOY   working 
ONE    HOUR   can   address 


2,000 


Envelopes,  Wrappers,  Statements  (with  date. 
Postcards,  Notices,  Quotations,  Gas  Bills, 
Water   Bills,   etc.,   etc. 

Every   one    havinj^   a   difterent   address. 

Every    one   absolutely   accurate. 

No   omission   or   duplicate. 

Facsimile    of    the    best    typewriter    work. 

Simple    and    clean. 

No    (gummed    or    pasted    labels. 

Over   5,000   in   use. 
THE 

DUPLIGRAPH, 

The    Most    Wonderful    Duplicator    EVER    INVENTED.      Prints 

Typewritten  Circular  Letters  with   r.   dilferent   address   on    eacli, 

signs    the   letter,   and    addresses   the   envelope.       Used   also    f(u- 

Pay-sheets.    Collection    Lists,   etc. 

The    only    machine    of  the    Kind    in    the    world. 


Addressograph   Ltd.,  sh!i Tane,  London,  eg 

Ai,'cnts    lor    S<aUh   Africa,  Aiistnilasia.  and    Canada:    COKDOX  ^:   CJOTCH,  Cape  Toun.  Di.rkni.  Melli..iMn( 

Sydney,    Brisbane,    Pcrtli  ;    H.    I'-AIbLIK    ^:    CO.,    Wcllin.mon,    X./.  ; 

.Addresso.siraph  C.,  Ci;,,   I.ACAUCHETIEKK  ST.,  Montreal. 


Time  Registers 


This  illiistiation  represents  a  few  of  tlie  many  thousands  of  workpeople  whose  time  is 

daily  recorded  on  the  "  DEY." 

22    "DEY"    MACHINES    IN    USE    AT    THESE    WORKS. 


The 


May  i8th,  l8()9,  Messrs.  Wai.KKR  ^S:  Hali.,  Shei'I'IEI.D  write  :  "We  are  sjlad  to  inform  yon 
that  the  '  Dey '  Time  Rej^ister,  which  we  purchased  for  trial,  has  .tjiven  us  such  satisfaction 
that  we  are  proposing  to  adopt  the  same  system  of  time-keeping  for  a  portion  of  our  works, 
and  we  now  have  pleasure  in  handing  you  order  for  twelve  more  machines."  And  in  May, 
ic)02,  they  ordered  nine  more  mrichiiies,  making  a  total  of  twenty-two  machines. 


"  DEY " 

Time 
Register 


HIGHEST 
TESTIMONIALS 
FROM   THOUSANDS 
OF   USERS. 


No  Keys,  ChecKs,  Cards,  Pin  Pricks,  or  Disputes. 
1,500  persons  registered  in  five  minutes.  Collusion 
favouritism,  or  errors  are  impossible.  The  exact 
hour  and  minute  printed  in  bold  type  on  time= 
sheet.     Compare  this  with   other  systems. 

ENGLISH   manufacture  throughout. 


London  Offices  — 

lOOc,  QUEEN  VICTORIA  STREET,  EX. 

Telephone  :   5690  BanK.  Telegrams  :  "  Countable,  London." 


For  Illustrated  Booklet,  givinfi  full  particulars,  apply  to 

HOWARD  BROTHERS, 

10,  St.  George's  Crescent,  LIVEPOOL. 


Telegraphic  Address:  *' Sonnez,  Liverpool. 
Telephone:  7150  Liverpool. 
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Time    Recorders 


TIME, 
IDISeiPLIJSTE, 

E:K/^©TNess, 


Are  the  TMtiEE  r3CTOK5  OP  SUCCf::*)^ 
IN  riAINUPACTUIiirSG  OliOAIMZATIOIN. 

Our    ^U^t^itl     ^^^^  ^^^  many  variations  and  great  adaptability , 
—  ^  ^   en-sure.s  ail  three. 


International  Time  Recording   Co., 

171,    Queen    Victoria    Street,    LONDON.    E.C., 

and    19,    Waterloo    Street,    GLASGOW. 


5cnd  for  Pamphlet:  "Cost  Kee|)ine;  C  Mow  to  do  it." 


Miscellaneous 


ie**^#*^^^^^^^$^$^^$^$i^^^^^#^^^^^^##^^^^^^^^^^^^^^ 


tb 
<^ 

«) 
«^ 

««) 


CONTRACTORS   TO  HM. GOVERNMENT   FOREIGN  GOVERNMENTS    HOME  &  FOREIGN  RAILWAYS. 


T 
E 

0 
N 


'/v 


COr 


PQRATIN 


^   FlPMS    ESTABLISHED  Qv 


ER     100  Vt 


P.v^r^ 


V. 


IHGBlRKBY&CoODAlllS 

"'*^?D  WORKS  *  RECISTERED  OPriCBS  .  ' \* 


TtLtGRAPMic  Address:  "  FLE/niNG.  HALIFAX. "  ^ 
TELEPHONe    No.  48   Halifax. 


B 
E 
L 
T 
I 

N 
G 


m^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^i^^^^^m 


If  it    is   Money  you   Want — Use 
CARBORUNDUM 

The  20th  Century  Abrasive. 

It  savc-s  linif  ;  liiiiL-  savtil  means  money  saved. 

Others  use  it,  why  not 
YOU  ? 


'*— ^^"'^^ 


WORK/VIHN    LIKE    THEM. 


\\"i.:i-     r,     ...     ..Ill      .\:;uiN    I..1 
I  ,.!,i;..L;iir   ,11), 1    I'lues. 

THE    POLISHERS 
SUPPLY  CO., 

I'.|ll!-ll     .X-I.llt,, 

27,    Chancery    Lane, 
LONDON,    AV.C. 

Tele.uratns  : 

'CriioKiN',  London.  " 
.\  n  C    and   Liel.er  Cdes   n-eil. 


British 

Steam 

Specialties 


LTD., 


FLEET    ST., 


LEICESTER. 


Telegrams:  "BOSS." 


E.S.HINDLEY&SONS 

Works:    BOURTON,    Dorset. 

London  Show  Rooms  and  Stores — 

H,   Queen    Victoria    St.,   E.C. 

STEAM 
ENGINES 

HIGH  SPEED, 

SLOW   SPEED, 

VERTICAL, 

HORIZONTAL, 

SIMPLE, 

COMPOUND. 

0 


Ulritc  for 
Quotations. 


Page's  magazine 

AN  ILLUSTRATED   TECHNICAL  MONTHLY, 
dealing  with  the 

ENGINEERING,  ELECTRICAL,   SHIPBUILDING,   IRON    AND    STEEL, 
MINING    AND    ALLIED    INDUSTRIES 


VOLUME  I. 
JULY,    1902. DECEMBER,    1902 


THE    PAGE    PUBLISHING    SYNDICATE,    LIMITED 

CLUN    HOUSE,    SURREY    STREET,    STRAND,    LONDON,    W.C. 


INDEX  TO  VOLUME  I. 


AcTUATlNcrRailway  Signals,  (C<jrnez),  122 
Administration    and    Ori;anisation    at    Ports- 
mouth Royal  Dockyard,  617 
Admiralty      Memorandum     on    Sea    Power, 

cited,  674 
Advertising,  (see  also  Catalogues,   Xewt  and 

Trades),  Hints  on,  E.  E.  Matheson,  w 
Aerial  Transport  in  Germany,  2S0,  iwle 
Aethtric  Telegraphy,  see  Wireless  Telegraphy 
Africa,  see  Algeria,  and  South  Africa 
Air,  Compressed,  2S7,  used  in  Machine  Shops 
to  disperse  Chips,  etc.,  31 1 

—  Cushion  in  Steam  Pumps,  254 
Nitrates    from,   American    method  of    pro- 
duction, (Bradley  and  Lovejoy),  707 

Aire  river,  new  Bridge  over,  410 

Alcohol,    Light,      Heat     and    Power     from 

(Arachequesne  and  Coupan  on),  721 
Algeria,  see  Mascara 

Alloys  of  Cadmium  and  Magnesium,  234 
Aluminothermy,      (Goldschmidt's       process, 

Berlin  on),  723 
Amalgamating,   Modern   Practice  in   Milling 

and,  E.  Smart,  3 13.' 443 
Amalgamation    of    Belfast   and   N.   Counties 
Railway  with  the  Midland,  592 
of  ].   Brown   and   Co.,  Ltd.,   and  E.    Firth 
and  Sons,  Ltd.,  710 
America(n),     North,     sec     America,      I'.S., 

H.  Columbia,  Canada 
—  Soutli.    see     Argentine     Republic,    Brazil, 
Chili,  River  Plate 

(U.S..\.),        see      Brooklyn,       California, 

Cincinnati,  New  York,  Shipping    Com- 
bine 
Apprenticeship  in,  90 
"  Atlantic  "—type  Locomotive  in,  344 
Blast  Furnace,    Modern     American    Type, 

2H1,  et  .sri/. 
Business  l-:ntcrprise  in,  91 
Coal  Product  of,  70.S 

—  Strike  in,  704 

Commercial  value  of    the]  Panama    Canal 

to,  3.S1 
Competition     in     Iron    and    Steel    Manu- 
facture, 70-1 
Consumption  of  Pig-iron  in,  effects  of,  on 

the  Iron-trade,  575 
Criticisms    of  the  North-Eastern  Railway, 
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.Schattner   Electrometer  The,  (G.  and  P.  Des- 

champs  on),  480 
Science  of  Business,  see  Preece,  on  Railways 

and  Telegraphs 
Scotia  vtssel  of  the  Scottish  National  Antarctic 

I"l\ped'tion,  711 
Scotland,  ^ee  Clyde  river,  Glasgow 
ScoUish  Engines  in  Belgium,  3.(5 
—  National  .Antarctic  ICxpedition,  711 
Sea  Power,  Admiralty  Memorandum  on,  cited, 

f'74 
Segregation,  Effect  of,  on  the  Strength  of  Steel 

Rails,  (.\ndrews  on),  720 
Segundo,    E.   C.    de.  The     ''  Fuel '"   Value  of 

Town  Refuse,  OSo 
Selection  in  Business  Organisation,  90 
Self-discharging      Railway     Waggons,     The 

Talbot,  534 
Shafl(s)  {see  also  Mine  Shafts),  Sinking  by  Per- 
cussive Boring,  (Pattberg's  apparatus),  340 
Shaper(s)    (see    Draw    Stroke    Shapersj   with 
provision    for    Motor  driving,    ( Hendey 
Machine  Co.,  U.S.A  ),  66 
Shipbuilder  and  Steel  Manufacturer,  amalga- 
mation of  (irms  of,  710 
Shipbuilding   (see   Naval    and   Marine  do., 

Our  Mnnihly  Resume,  etc.) 
—  in  America,  U.S.,  710 
Bounties  in  France  and  Russia,  588 
Combine,    The     American,    140,    and    the 

Cunard  1  ne,  454 
Prospects,  709 
Quarterly  Return  of,  334 
World,  Dead  Season  Notes  on,  334 
Yard,  Gerniania,  at  Kiel,  J.  Leyland,  506 
—  Portsmouth,  The     Royal    Dockyard    at, 
W.  Price,  611 
Shipping  and  Canal  Projects,  Russian,  483 
Combine,  The,  20,  14S-9,  454 
Depression  in,  587 
Interests  of  G.  Britain,  21 
Subsidies,  (see  Bounties).  148 
Ships,  see  Largest  afloat.  Naval,  New  Battleships 
andiCruisers,  New  Liners  (under  lieadittii 
"  New  "),  Steamers,  Turbine  Vessels,   War- 
ships,  Yachts 
Siberia(n),  Gold-mining  and  Gold-st.aling  in 
(Bieletskion),  482 
Proposed  Railway  to,  from  C.  Asia,  4S4 
Railway,  the,  A  Russian  View  of,  (Krasnoff 
on),  604 
Signals,  see  Railway  Signals 
Sinking  Pumps,  339 
Sir  Andrew  Noble  and  Elswick,  266 
Sites  for  Ironworks,  Choice  of,  77 
Si.\-coupled  E.\press  Engines,  41,  42,  43 
Sl.iby-Aico    System   of   Wireless  Telegraphy, 

135,  523 
Small  coupled  Locomotive  Wheels  for  High 

Speed-,  43 
Mines,     Electricity      in     (Lapierre      iilcd 

on),  122 
Smart,  I'".,  Developments  in  Cyanide  Practice, 

31.  215 
Modern   Practice  in    Milling  and   Amalga- 
mating, 313,  442 
Some  ICxperimenlson  Steam-Engine  Economy 

( Weightson  on),  341) 
South  Alrica,  l^fiects  of  Peace  in,  25 
Iron  Deposits  in,  7') 
labour  Difficulty  in,  25,  330,  456,  457 
Steam-Ship  service  direct  to  New   ZcaLind 

desired,  589 
Witwatersrandt   gold   yield,    1887-1)2,    22.1 
(Leggitt  and  Hatch  on),  tahla  fft\ 
South  America,  see  Amciica,  S4.iiih 
Southaiiipti>n,  New  Gr.iving  Dock  at,  2211 
Spain,  Iron  ores  of,  sp«'-iat  quality  "f,  "3 

•'  Na\al  Notes'"  on, 679 
Spark-arresttr,   Drummond's,   on  Ihe  L.  and 

S.W.  Railway,  204 
Specilic.itions,  see  PatenI  ~ 
Speed  of    E.vprc.s>.  Tiain 

Runs),    ligures  ri*  « >  v  1 

I    iiidon,  '»).s 
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Speed  of  Turbine  Vessels,  I.  Denny  c/ferf  011,641 
Speeds,  Safe,  of    Fly  Wheels,  American  Ex- 
periments on,  (Hoehni's),  706 
Spindles,  Circular  and  Vertical  Milling,  398 
Spur-gear    Cutting     Machines,    (Birch     and 

Co.'s),  66 
Staff,  the,  importance  of,  in  a  business,  90 
Standing  Charges,  C.  W.  Hill,  323 
Standardisation  of  Electrical  Cjntacts,  24 
of  l-'ittings  in  the  ITS.  Navy,  705 
of  Pipe    Flanges     and    Flanged     Fittings, 
(Atkinson  on),  597 
Statistical  Review  A,  of  British  Coal  and  Iron 

Production,  686 
Status     of     the    (British)     Naval    Fnginccr, 

(Tweedy  on),  598 
Steam     Condensaton,     Central,  (Uechanips 
on),  481 
Engine(s)  (see   also  Engines,   Locomotives, 
Marine       Engines,      Tank      Engines, 
Turbines,  etc.). 

—  Economy.     Some       Experiments      on, 

( VVeighton  on),  349 

—  The  Future  of,  28 

—  Thermal     Efficiency   of,    Field's    experi- 

ments on,  29 

Pumps,  Maintaining  the  Air  Cushion  in, 
(Thiran  on),  359 

Railways  in  Italy,  Electric  Traction  on, 
( Carus-Wilson  on),  116 

Ship(s),(StV  Steamers),  Liquid  fuel  for,  (Orde 
on),  34S,  Report  of  American  Liquid  fuel- 
board  on,  705,  of  American   Navy  on,  537 

—  service,  direct   between    S.    Africa   and 

X.  Zealand,  desired,  5S9 
Superheated,  152 

Tramways  in  the  Dutch  Indies,  120 
Turbine, the  Marine,  {s«"  Emerald  ' ),  Forth- 
coming Developments  in,  H.  C.  Fyfe,  631 
Winding,  Electric  Versus,  712 

—  Engine  shewn  at  Diisseldorf  Exhibition, 

7'3 
Steamers  (see  Steamships),  Giant,  709,   New 
Turbine  for  cross-channel  work,  etc.,  456, 
640,  643 
SteeKs  Ksff  a/so  Iron  and  Steel)  Amalgama- 
tion, The  ( Bell  Bros.  Ltd.,  and  Dorman  and 
Long  and  Co.,  Ltd.,  suggested  amalgama- 
tion of),  461 
Foundries,  American,  New  Combine  of,  213 
for  High  Speed  Tools,  450 
Linings  for  Mine  Shafts,  U.S.A.,  708 
Manufacture    and   Shipbuilder,  amalgama- 
tion of  firms  of,  710 
Protection  of, by  Portland  Cement, American 

experiments  on,  (Norton's),  706 
Rails,   The   Effect    of    Segregation  on    the 
Strength  of,  (Andrews  on),  720 
Steel-works  Practice  in  Germany,  Progression, 

since  1880,  (Daelen  on),  475 
Stewart,  D.,  and  Co.  (1902.),  Ltd.,  a  new  com- 
pany, 671 
Stockyard  arrangements    in   Iron  and   Steel 

Manufacture,  546 
Stokers,  Chain-grate,  421 

Strangling,  The,  of  the  I'^Jectrical  Industry,  151 
Strength  of  Steel  Rails,  Effect  of  Segregation 

on,  (Andrew.s  on),  720 
Strikes,   see  American   Co.d  Strike,  Austrian 

Min'ng  Students 
Submarine  Boats,  H.  C,  Fyfe,  138 
Subsides  (see  also  Bounties)  to  Shipping,  21, 

22,  148 
Sulnian-Picard  Process  for  treating  Complex 

Ores,  155 
Superheated  Steam,  152 
Superiority     of     British     Loconiofives    over 

American,  113,  et  seq. 
Supplies   for   liqiiid-fuel-burning   locomotives 

in  G.  Britain,  691-2 
Suppression   of  Belts  for  Driving   Dynamos, 

etc.,  (Denis'  method,  Dufay  on),  724 
Suspension     Bridge,     the    World's    Greatest, 

W.  B.  Xorthiop,  31)1 
Sweden,  I stY  alio  IJenm.irk,  Norway,  Sc.in- 
dinavia),  Iron  ore  in,  27 
Swedish  and  Norwegian  Navy,  178,  545 
Torpedo-Boat,  the  Mode,  535,  54.'; 
Swinburne,  James,  President  of  the   Institu- 
tion of  Electrical  Engineers,  15 
Commercial  Development,  The,    of  Inven- 
tions, 619 
Examination  of  Patent  Specifications,  2</i 
International  Patent  Monopolies,  19S 


Talbot  Self-Discharging  Railway  Waggon, 

on  the  Prussian  State  Railway,  534 
Tank   Engine,  Colossal  Decapod,  building  by 
theG.E.R.,  43 
New  French  Compound,  206 
Tarantula,  High  Speed  Turbine  yacht,  644-5 
Tariff,  the  American,  580 
Taylor,    B.,    The    Critical    Position    of    Pig 
Iron, 573 
Glasgow  Electric  Tramways,  45,  2  ?4 
Technical   Education,   British,  German,   and 
American  Contrasted,  118 

Enterprise  and,  Handyside's  plan.  670 

in  the  Royal  Dockyards,  618 
Telegraphs  and  Railways,  (Preece  on),  715 
Ten-lhousand    Volts,    Three     Phase,     Tr.ins- 

niission  in  Algeria,  66<j 
Terrible,  H.M.S.,  coaling  at  Singapore,  pictures 

of,  667-8 
Thermal    Efficiency    of    the    Steam    Engine. 

Field's  experiments  on,  29 
Thirty-ton  Hopper  Wag.gon,  A,  421 
Thunder  Mountain  Gold  Mines,  Idaho,  U.S.A., 

153 
Thwaite,  B.  H.,  Iron  and  Steel  Manufacture  : 
I.  The  Choice  of  a  Site,  the  Trend  of 
Modern   Progress,    the    Choice  of 
Ores,  69 
II.&III.  Transportation  of  Metal,  186, 

275 
IV    Charging   of    Mineral  and    Furnace 
Equipment,  547 

Time   Factor   in    Mining,  Importance   of  the, 
(de  Gennes  on),  601 

Tools,  Highspeed,  Steels  for, 450 

Torpedo-boat    destroyers    (British),     ste.im- 
turbine-driven,  631,  et  seq. 

Torpedo  -  Boat    Destroyer,     Mode,    for    the 
Swedish  Navy,  535,  545 

Town      Refuse,     The      "Fuel"      Value     ol, 
E.  C.  de  Segundo,  680 

Traction,  (see  Electric  Railways,  Traction  and 
Tramways,  Engines,  Locomotives,  Motors 

Trade  Catalogues,  (see  New  Catalogues),  the 
Uniformity  of,  462 
Road  in  E.  Peru,  670 

Trades  Unionism  contrasted  with  Guild  regu- 
lations, 89 

Training,     The,     of       Industrial      Leaders, 
(Wertheimer  on),  118 

— of  Professional  Engineers.Prof.  J.  Goodman, 
627 

Trains,  st't;  Express  Trains,  Railways,  etc. 

Tramway (s),   see  Electric    Tramways,  Steam 
Tramwa>s,  Traction  and  Trolle>s 
Glasgow  Electric,  B.  Taylor,  43,  224 
Systems  and  Electric   Lighting   Combined, 
(Rider's  figures  concerning),  151 

Transmission,     10,000     Volts    Three     Phase, 
Mascara,  Algeria,  by  water  power,  669 

Transportation  of   Minerals  (Iron  and  Steel) 
from  Mine  to  Furnace  Stockyard,  186,  275 

Trolley,  Ready  Engagement  of,  with  Electric 
Conductor,  (Jacob  s  invention),  232 

Trusts,    American,    (Combination    and  Com- 
petition), C.  Lancaster  on,  579 

Tube  boilers  (see  Water  -  Tube),  Large,   ^^7, 
Small,  338 

Turbinia,  the,  631,  et  seq. 

Turbine,  The  Marine,  Forthcoming  Develop- 
ments in,  H.  C.  Fyfe,  631 
Steamers,  New,  on  the  Clyde,  640,  for  Cross- 
Channel  work,  etc.,  456,  640,  643 

Tuibines,  (Little  Giant),  supplied  by  S.  Howes 
to  the  Canadian  Government,  721) 

Twentieth  Century,    Locomotive   Practice  of 
the,  (Hous-Marten),  113 


Unifokmitv,  The,  of  Trade  Catalogues,  463 
United  Kingdom,  (sci?  also  England.  Great 

Britain,  Scotland,  etc.),  Coal  Product  of,  70S 

United  States  of  America,  see  America, 

U.S. 

Universal    Indexing    and     Dividing     Heads, 

Tailstocks  and  other   Fittings  of  Milling 

Machines,  287 
—  Tool     Grinder,     (London    Emery    Works 

Co.),  666 
Unsatisfactory   Condition    of     the    Engineer 

Branch  of  H.  M.  Navy,  sfe  British  Navy 
Use  of  Electricity  in  Iron  and  Steel  Works, 

Kylberg  on,  464 

in  Mines,  26,  small  mines,  122 


Utilisation  of  Blast  Furnace  Gas,  Purification 
and,  (Lencauchez  on),  479 


Vees,  Inserted,  in  Machine  Slides,  American 

Patent  for,  451 
Velo.x,  H.M.  steam-turbine-driven  "destroyer," 

631,6.3s 
Vertical  Spindle(s),  Boxes  of  Gears  for  Pro- 
ducing, 398 
Milling  Machines,  491 
Turret-type      Lathes,    the       Foster       and 

others,  213 
Winding  Kniiine,  Notable,  671 
Viper,      H.M.     steam- turbine -driven     "des- 
troyer," 631,  634,  engines  of,  635 


WA<i(;ONs,  see  Railway  Waggons 

Wanted,  a  Better   Consular  Service,  (Preece 

on),  720 
Warning,  A,  on  Conduits  (for  Electric  Tram- 
ways), 152 
Warships,(S£V  Cruisers,  Marine  Steam  Turbines, 
etc..  Naval  Notes.Torpedo  Boat  destroyers), 
British  and  Foreign  under   Construction, 
September,  1902  ,  335 
Oil  fuel  for,  U.S.  Navy  Report  on,  418,  537 
(dualities  desirable  in,  25 
Water  Motor,  Cassel's  Motor,  30 
Power  Plant,  New,  USA.,  705 

—  Utilisation  of,  29,  30,  669 

Tube     Boilers    from    a     Naval     Point    of 

View,  423 
versus  Cylindrical,  423 

—  Fire-boxes,   Drummond's,  on  the  L.  and 

S.  W.  Railway,  205 
Waygood,  R.  and  Co.,  Ltd.,  amalgamation  of, 

with  the  Otis  Elevator  Co.,  Ltd.,  421 
Webb's   Four -cylinder   Compound    Engines, 

L.  and  N.  W.  Railway,  205,  694 
Welland  Canal,    Canada,  Turbines  for  Lock- 
gates  of,  supplied  by  S.  Howes,  of  Mark 
Lane,  729 
Well-sinking  Pumps,  339 
Western  Australia(n),  Coal  deposits   in, 
and  other  Mineral  Resources  of.  229 
Diehl  Process   in,   154 
Gold  Industry,  The,  (Venn  on),  228 
Wheels,  see  Fly-Wheels 
"  White  Star"  Liner,  Cediic,  the  largest  ship 

afloat,  454 
Wickstead,  J.  H.,  A  modern  Foundry  Equip- 
ment, 93 
W^inch,  The  Lahmeyer  Electrically-driven,  522 
Winding  Engine,  A  Recent,  Geiman,  340 

"steam,  at  Diisseldorf  Exhibition,  713 

Electric  versus  Steam,  712 
from  Great  Depths,  Engines  fo-,  478 
Plant  for  deep  Mines,  26 
Ropes,  The  Balancing  of,  and  the  Graphic 
Method,  (Dechamps  on),  133 
Wire  straightener  for  Core  Bench  use,  312 
Wires,  sec  Electric  Wires 

"Wireless"  Telegraphy,  Sir  W.  H.  Preece,  131 
(Thiran  on),  354 
The  Development  of,  H.  C.  Marillier 
I.  General,  260 
II.  Marconi's  System.  383 
III.  Other  systems,  523 
Possibilities  of,  (Bright  on),  476 
Wit  walersrandt,  (see  Johannesburg,  and  Rand  ), 
Gold  Production,  1 1887-<)2.,   229,  (Leggett 
.•md  Hatch  on),  tables,  .594 
Workmen,  characteristicsdesirable  in,  90 

Relationship  between   Employers  and,  124 
Works,  (.SVC  Iron  Works,  <•;<:.),  Old,  Re-organi- 

satiou  of,  213 
Workshop  Equipment,  Essentials  in,  91 

Organisation   and  Labour  Participation   in 
Profits,     (Lami,   Goflin   on   and     Couriot 
cited  on),  121 
Worltshop  Practice  ;  A  Resume  of  Machine 
Tools    Cranes  and  Foundry  Matters   for 
the  Month,  66,  212,  308,  450,  518,662 
World's  Coal  Industry,  The,  tables,  592 
Greatest    Suspension     Bridge,    The,    (New 
York  Brooklyn),  W.  B.  Northrop,  391 


Yachts,  steam-turbine-driven.  Emerald,  645, 

710,  l.oreua,  645,  Tarantula,  645 
Year's  Shipbuilding  in  the  United  States,  335 
Yerkes,  Charles  Tyson,  18 


Why  Throw 
Away  .  .  . 


ID  totD-o  of  COAL  in 

WASTE 
HEAT 

—up  the  Chimney? 


1 


IT   CAN    BE   SAVED  by  the  adoption  of 


C-OPVRICHT 


GREENS    ECONOMISER. 


Can  be  applied  to  every 
Kind  of  Steam  Plant. 


ILLUSTRATED  CATALOGUE  from 
Inventors  and  Patentees — 


L. 


E.   GREEN   &   SON,    Ltd., 

2,   Exchange   Street,   MANCHESTER. 


Telegrams:    "ECONOMISER." 
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